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PREFACE TO THIRD EDITION 

The reception accorded this handbook has been so cordial 
that the writer has felt it well worth while to make additions and 
enlargements. This latest edition has much new material. 
The chapter on general field methods of geologic mapping, and 
the appendix should prave of interest especially to young geolo- 
gists. 

The book was not intended as a text book but it has been so 
used in many cases. The new material and rearrangement has 
given the book added value for class room purposes, as well as 
for the field. 

The writer has made free use of recent books such as "American 
Petroleum Industry," by Bacon and Hamor, "Oil Field Develop- 
ment," by A.Beeby Thompson, "Popular Oil Geology," by Victor 
Ziegler, and recent pubUcations by the U. S. Geological Survey 
and Bureau of Mines. 

Thanks are due to Professor James F. Kemp for many helpful 
suggestions in regard both to the new material and the improve- 
ment of the old; to W. J. Allen who contributed most of Chapter 
XII, and to A. E. Robitaille whose many suggestions have been 
cordially received. 

Dorset Hager. 

i Tulsa, Okla, 
Nov, 15, 1918. 
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PREFACE TO SECOND EDITION 

In making a revision of the first edition the author wishes 
especially to thank Messrs. Johnson and Huntley of Pittsburgh, 
and Fred Pack on the United States Geological Survey, for their 
pubUshed criticisms of the first edition of "Practical Oil Geology." 

He also wishes to thaiik his many friends and fellow geologists 
and engineers, especially Mowry Bates and J. W. Lewis of 
Tulsa, for their suggestions. The industry is so extensive and 
the work of the geologist is so broad that the writer feels he has 
but touched on the many uses of geology in oil-field practice, but 
he hopes the book will prove useful. Certainly it has already 
more than fulfilled the writer's expectations for which he is deeply 
appreciative to the reading public. 

Dorset Haosr. 

Tulsa, Okla. 
NoDemheTy 1916. 
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PREFACE TO FIRST EDITION 

In the preparation of this book the author aimed to furnish 
the oil man with a clear, concise, and practical work on the 
occurrence of oil, and its geology. There are several works on 
petroleum but none of them is in handbook form. Three of 
the works are by English authors who give the practice of the 
East Indian and the Russian oil fields rather than that of America. 
However the elements of oil-field geology are the same the world 
over, though the best chances for study are afforded by develop- 
ments in America. It seemed more than fitting, therefore, that 
American oil men should have a book treating more particularly 
of American methods. As the author has gained his experience 
in these fields it necessarily follows that he gives the Ameri- 
can viewpoint, which will perhaps be a just basis for criticism 
by those who have had a world-wide experience. The author 
has, however, drawn the data for this book from European as 
well as American sources and hopes thus somewhat to overcome a 
natural bias. 

The material in this book is derived from the following sources: 

(1) The standard text books on general geology such as those 
by Geikie, Le Conte, GhamberUn and Salisbury, and Kemp. 

(2) The bulletins of the U. S. Geological Survey, the technical 
papers of the U. S. Bureau of Mines and the bulletins of the 
California, Oklahoma, Illinois, Louisiana, Pennsylvania and Ohio 
geological surveys. 

(3) The articles appearing in the numerous technical journals 
on mining and on oil, especially papers by Lakes, Clapp, Gordon 
Sur, Lee Hager, Breger, Arnold, Garfias, Dumble and others. 

(4) The following English books: "Petroleum Mining" by 
A. Beeby Thompson, "Petroleum and Its Sources" by Sir Bover- 
ton Redwood, and "Oil Finding" by E. H. Cunningham Craig. 
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X PREFACE 

(5) The catalogues of several oil-well supply companies. 

The author is also greatly indebted to his good friends among 
the operators and drillers for many valuable suggestions, and 
for their assistance in helping him to obtain facts. 

Thanks are also given to Messrs. M. J. Munn, J. H. Jenkins, 
Fohs and Gardner, R. A. Conkling, E. D. Bloesch, Frank But- 
tram, E. Thomas, Valerius, McNutt And Hughes, and A. T. 
Patrick for their kindness in affording suggestions and additions 
to make the work more complete. 

Special recognition is due to H. Foster Bain, and to Leon Pep- 
perberg for their criticisms and suggestions, and to F. J. Basedow 
of Adelaide, Australia, for his assistance in correcting manuscript. 

As is the case in all sciences, there is much valuable material 
which it is difficult to trace and to credit to the originators. 
The author has made free use of this knowledge, for the facts 
it presents are among the most valuable we possess. 

Dorset Hager. 

Tulsa, Okla. 
April, 1915. 
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FORE WORI> 

Oa Geology — ^Applied Common Sense 

There is at present a rather vague idea in the minds of many- 
men as to just what constitutes an oil geologist. Some people 
associate him with the *' crooked stick" or "peach tree twig'' 
men, others think he uses some hocus-pocus, and as yet com- 
paratively few of the operators see the geologist as a clean-cut, 
clear-thinking engineer, who is just as much an expert in his line 
as is the driller or railroad surveyor. 

The geologist simply uses engineering methods in arriving at 
results. Engineering instruments such as transits, levels, barom- 
eters, alidades and plane tables are employed, all of which re- 
quire a mind trained in mathematics for their accurate use. The 
pick of the geologist, the test-tube and the chloroform bottle 
are also his working tools. Added to the above instruments, 
in fact of primary importance, is a mind trained in the reading 
of surface forms (topography), a knowledge of the ages of forma- 
tions and their means of identification (stratigraphy), a knowl- 
edge of the various folded structures that are important as oil 
reservoirs, and above all, the ability to recognize such folds in the 
field. 

By studying rock exposure at the surface,- by using drill hole 
records, either of water or oil tests, by readings in mines, etc., 
the geologist arrives at his conclusions. Of course where all 
exposures are covered up, and no well records exist, the geologist 
is "up a stump," and can only say, "I do not know." 

The geologist knows from the history of proven oil fields that 
the surface folding is generally an index to underground condi- 
tions. Enough holes have been drilled, enough well logs have 
been plotted to prove this very important point, and it is upon 
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xiv FOREWORD 

this fact that the science of oil geology is based. Recognition 
of the fact that underground folding is reflected at the surface 
and that such surface folding can generally be seen, meant the 
beginning of a new era for the oil man. 

The work of the oil geologist largely simplifies itself into the 
problem of finding folds. When he has found this folding, then 
he has a basis upon which to work. The following points must 
be emphasized: First, That all folds do not carry oil; second, a 
geologist cannot tell whether a fold will carry oil, unless wells 
are already drilled upon it. A geologist does know, however, 
that the majority of folds, within certain defined limits, do carr)^ 
oil, and he can reason from this that the chances are in favor of 
a well-defined fold being productive, if it occurs within certain 
boundaries. 

In the last few years sand conditions were found to play an 
important part in oil pools, though not as important as folding. 
Also some of the largest wells in the world are on faults and 
not connected in any way with folding. 

The work of the geologist does not end with outlining pro- 
spective oil lands. His province extends into the field of drilling 
and of actual oil-field development. To limit geology to pro- 
spective territory alone is a great loss, for as one will find from 
the following pages, there is a wide and varied application of 
geology to the needs of the oil men in nearly every phase of oil- 
field work. 
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CHAPTER I 



PETROLEUM— ITS ORIGIN AND ACCUMULATION 



Much has been written about the conditions under which oil is 
found in nature (the structure favorable for the accumulation of 
petroleum, the age of the formations in which oil occurs, and the 
technology of driUing, producing, and marketing petroleum), 
but as yet little positive knowledge regarding the origin of oil 
has appeared in print although the subject has been discussed 
very fully from a theoretical viewpoint by many geologists, chem- 
ists and engineers. Some of the many theories are discussed 
below. 

CLASSIFICATION OF THEORIES 

Theories pertaining to the origin of petroleum may be classified 
under three main divisions as follows: 

(A) Inorganic theories; (B) Organic theories; and (C) Combi- 
nations of Inorganic and Organic theories. 

Inorganic Theories. — By inorganic one means any chemical re- 
actions that take place without the aid of living organisms. 
There are three principal inorganic theories: (1) The carbide 
theory; (2) the Umestone, gypsum, and hot water theory; and 
(3) the volcanic theory. 

1. The carbide theory is based upon the fact that in the chemical 
laboratory carbides of calcium, iron, and several other elements 
give hydrocarbon products when in contact with water. It is 
assumed that great quantities of calcium, aluminum, iron and 
other similar carbides exist deep underground and that the action 
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2 . . ^ ^ PRACTICAL OIL GEOLOGY 

of hot water upon the^e ciaTbides forms liquid and gaseous hydro- 
carbon compounds that rise upward through fissures and other 
vents in the earth and collect in the sedimentary beds above. 
This theory has been strongly supported by some able chemists 
but it is not advocated by many geologists. 

2. The limestone, gypsum, and hot water theory is advocated by 
some writers. According to this theory the action of heated 
water upon limestone (CaCOs) and gypsum (CaS04), which in 
nature are closely associated, give as products the constituents of 
petroleum. The exact chemical processes have not been fully 
explained, but it is certain that limestone, gypsUm and water 
contain all the necessary elements for the production of petro- 
leum. Under certain conditions of heat and pressure, it is not 
impossible that oil may be formed as thus postulated. 

3. The volcanic theory is based upon the fact that gases given off 
from some volcanoes carry small percentages of hydrocarbons. 
These gases are supposedly of deep-seated origin, and carry the 
products of chemical reactions that occur in the earth. It is 
assumed that the gases are condensed before reaching the surface 
by coming in contact with cooler formations near the surface 
and thus form petroleum. As a laboratory theory the volcanic 
idea is plausible but it by no means explains most of the occur- 
rences of oil as seen by the field geologist. 

Organic Theories. — By organic one means any chemical proc- 
ess that takes place by assistance of Uving organisms such as bac- 
teria, decomposing vegetation, or animal matter. Some scientists 
assert that oil is of animal origin, others that it comes from vege- 
table matter. There have been numerous discussions as to which 
is the more likely source. A compromise view asserts that petro- 
leum may come from either source alone, or from a combination of 
the two. It has been claimed that oils having an asphaltic base 
are derived from animal matter and that oils with a paraflSne 
base are derived from vegetable matter. Then it is boldly stated 
that all oils are derived from the same material, but that the dif- 
ferences are due to capillary division, differences in the heat and 
the pressure to which the oil has been subjected, and to migration. 
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There are three organic theories as follows: (1) Animal theo- 
ries; (2) vegetal theories; and (3) combinations of animal and 
vegetal theories. 

In discussing the following theories the som-ce of the material 
is alone considered. The subject of the derivation of petroleum 
from organic matter is treated in another place. 

1. Animal Theories. — One theory explains that oil is derived 
from the decomposition of the bodies of marine animals such as 
fish, oysters, scallops, mollusks, and corals. Some bays and 
coasts Uterally teem with marine life at present, and it is assumed 
that in past ages marine life was just as plentiful, as is evidenced 
by the great quantities of fossils that are found today. The death 
of such animals and their subsequent burial in the marine sedi- 
ments gave material sufficient for the formation of oil. 

According to another theory, microscopic organisms called 
foraminifera, which are today found in great quantities in some 
places- along sea coasts, furnished the material for oil. These 
small organisms were certainly existent in great quantities in 
past ages. The microscope shows that beds many hundreds of 
feet thick are in large part formed of these organisms. 

2. Vegetal Theories. — The vegetable theories may be classi- 
fied under the following heads: (a) The sea-weed theory; (6) the 
land-plant theory; (c) the diatom theory; and (d) the coal theory. 

(a) The sea-weed theory also has received much support. 
The great kelp beds that hne some sea coasts, notably the Pacific 
Ocean and the Sargossa sea lend strength to this theory. Cer- 
tainly there is material enough along the coasts to produce a 
tremendous quantity of oil if properly distilled. Supposing that 
in the past ages as large quantities of material existed, and were 
buried in sediments, one has a basis for a strong theory. 

(6) The land-plant theory is based upon the occurrence of great 
quantities of plants found in land-locked embayments, in swamps, 
and in low marshes and lake beds. It has been clearly estabUshed 
that coal is formed from plants that grew in great swamps, and it 
is assumed that similar beds of material under different condi- 
tions of heat and pressure gave rise to petroleum instead of to 
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coal. Certainly plants have all the constituents necessary to 
form petroleum so that such a theory is not at all unreasonable. 

(c) The diatom theory, especially advocated by California geolo- 
gists, is based upon the study of the microscopic plants that are 
plentiful in many parts of the seas and oceans. Many carbona- 
ceous shales, of great age geologically, contain large quantities 
of these minute organisms. The presence of petroleum in these 
diatomaceous shales is so general that many geologists believe 
the oil originated in the shales. It of course could only come 
from the microscopic organisms. 

{d) The coal theory is b^sed upon the fact that Ugnitic and bitu- 
minous coals when distilled in the laboratory yield hydrocarbons 
similar to those in petroleum. It is thought that similar results 
are obtained in nature by distilUng great masses of coal under 
proper conditions of heat and of pressure. The presence of coal 
in many oil fields lends support to this view but Uke all other 
theories nothing definite has been established. 

Combination of Animal and Vegetable Theories. — In some 
cases one finds the remains of animal and vegetable material in the 
same bed or ^stratum. It is very Ukely where such has been the 
case that petroleum has been derived from both sources. This 
view at least reconciles the animal and the vegetable theories, 
and in no way conflicts with known facts. 

Formation of Oil from Organic Material. — The formation of 
petroleum from either animal or vegetable matter is considered 
to be as follows: 

1. The organic matter is first laid down in clays and sands 
which have been deposited under water along sea coasts, in 
swamps, bays, or in lakes. 

2. Other beds of material are deposited upon those carrjdng the 
organic matter, until a thick covering is formed. 

3. The water and the oVerlying sediments protect the organic 
matter from rapid destruction by oxidation, and especially where 
the water is salt, it acts as a pickling brine. 

4. In time the pressure of the overljdng beds, and the action of 
heat, which is supposedly generated by the pressure of the over- 
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lying sediments or by the action of plutonie masses of rock which 
have been intruded into the sediments, causes a distillation of the 
organic matter to form petroleum products which are later ac- 
cumulated into so-called "pools" or fields of oil. 

Combination of Organic and Inorganic Theories.— Several 
theories combining the organic and the inorganic ideas have 
been offered by scientific men. The principal idea of all these 
theories is that gases from deep-ljdng igneous masses pass upward 
through fissures or vents in the earth's surface, and coming in 
contact with sediments containing organic matter form hydro- 
carbon products. There is Kttle positive evidence for such theo- 
ries except the presence of volcanic intrusions in a few oil fields. 

So far as known the organic theories seem the most reasonable 
and by far the most popular with scientific men. 

THE ACCUMULATION OF PETROLEUM INTO COMMERCUL 

DEPOSITS 

The origin of oil is one problem, its accumulation into economic 
deposits an entirely different one. More is known about the 
accumulation of oil than about its origin. The following facts 
are important to bear in mind, as in them one finds the key 
to many other valuable points of applied geology as related to 
petroleum. 

1. Commercial oil and gas deposits generally occur in the 
higher parts of folds or wrinkles of the earth's surface called 
anticUnes, domes and monoclines. 

2. Water is generally found in the same stratum as the oil but 
in the lower part of the fold. 

3. All commercial deposits with one exception, that at Thrall^ 
Texas, so far have occurred in sedimentary or water-laid deposits 
such as sands, sandstones, conglomerates, shales, and Umestones. 

4. All oil and gas deposits, so far as known, are capped or cov- 
ered by practically impervious beds of shale, sandstone, or lime- 
stone; also such deposits are underlaid by impervious beds. 

The discussion of these points is given under the following 
headings: (1) The anticUnal theory; (2) water and compression 
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in accumulation; (3) capillarity; (4) reservoirs for petroleum ; aud 
(5) impervious beds capping and underlying the oil and gas 
deposits. 

The Anticlinal Theory. — Anticline is the name given to the 
type of fold that ia arched as shown in Fig. 1. Further reference 
is made to this type of fold in Chapter III. As the anticline is 
the most common form of fold found in the oil fields the theory of 
oil accumulations in folds was given the name anticlinal theory, 
although several other types of folds also act as oil reservoirs. 

Originally the sedimentary strata were laid down along sea 
coasts, in swamps and lakes, as flat or horizontal beds. Suppose 
a large fiat bed of sand, sandstone, conglomerate, shale, or lime- 



Fio. 1. — IllustratioD of ideal anticlinal coaditiona.i 

stone, carrying oil, gas, and water throughout it, to lie buried 
under a mass of sediments which are impervious or nearly so; 
suppose also that this stratum is underlaid by impervious beds. 
Conditions such as assumed above are common along many sea 
coasts, in bays, and in gulf regions. In such a fiat stratum it is 
found that the gas and oil will rest upon the top of the water due 
to the differences, in specific gravity, gas and oil being lighter 
than water. In drilling through such a flat stratum the drill will 
encounter first a layer of gas, then a layer of oil and la^t a layer of i 
water. However, in such flat strata oil will not be found in pay- I 
ing quantities. To obtain commercial production another con- , 
dition is essential. There must be a sufficient quantity of oil and I 
' For Bymbola used in this book, see Fig. 53, p. 82. I 
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gas to pay for its extraction, and such accumulations are found 
where the flat strata have been thrown into arches or folds Uke 
that shown in Fig. 1. As will be noticed in studying Fig. 1, the 
stratified or layer-Uke relations of the gas, oil and water occur 
as they would in apparently horizontal beds.^ At the top of 
the arch or anticUne is gas, below the gas is oil, and at the base of 
the fold is the water. This is the theoretical condition and is 
closely approximated in nature. Under certain conditions, how- 
ever, oil and gas both occur at the top of the arch, and under most 
conditions there is more or less gas in the oil on the flanks or sides 
of the structure. The outhne above practically covers the anti- 
cUnal theory. 

Water and Compression in Oil Accumtilations. — In discussing 
the anticlinal theory one notices that the water was not assunted 
to be under pressure, but that the oil merely floated upon the top 
of the water due to dififerences in specific gravities, much as a 
cork floats upon water. The water in this case occupies the 
lower parts of the folds because of its tendency to seek its level, a 
well-recognized truism. Normally under such conditions water 
occurs in the basins or depressions called synclines, the opposite 
type of fold to an anticUne. 

Suppose, however, that there are several parallel anticlines or 
several domes on one anticUne (see Fig. 42, pa^e 67). The lower 
arches are under the hydrauUc pressure of the oil and the water in 
the higher arches. ^In such a case water may occupy the lower 
anticlines wherever the hydrauUc pressure is great enough to drive 
the oil higher on the slope. Note that the lowest anticUne 
carries no oil. The oil at the top of the structure is not under 
pressure to any appreciable extent. In this theory the water 
is not static or stationary, but is meteoric or rain water, which 
enters the outcropping sands, and works its way downward into 
the oil stratum. Also the movement of the water may be due to 
the rising or falUng of the whole land mass. Thus a rising region 
would result in lowering the water level, and a sinking region 
would result in raising the water level. 

^ Recent work shows that the oil water contact is an inclined plane. 
(See Fig. 108, p. 167.) 
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Where faults or where unconformities occur (see Chapters 11, 
III and IV), water by driving oil from the lower sands will force it 
tQ enter the upper strata. Such traveling of oil is called migration 
which, however, is not dependent alone upon water pressures. 
Other factors such as compression discussed below, and capillarity 
discussed under specific gravity, also assist in migration of the 
oil from one formation to another. The part that compression 
plays in oil accumulation would seem to merit more careful atten- 
tion than has heretofore been accorded the subject. Many shales 
are saturated with petroleum. If these shales were under suf- 
ficiently great pressure the oil would be forced from them. 
Tremendous pressures are set up by earth folding. This being 
the case, it is not at all unlikely that the shales in the tops and at 
the bottoms of the folds may be so compressed that part of their 
petroleum content would be squeezed out of the shale body. If 
porous sands or sandstones are above or below the shale, the oil 
would be forced to migrate into the porous beds. Sand and sand- 
stones are generally more porous than shales and form better 
reservoirs than do the shales. 

One of the important features of accumulation is the porosity 
of the beds at the top of the fold. If the beds at the top of the 
fold are not porous, due either to their being hard compact shales 
or sandstones little or no accumulation will take place. 

CAPILLARITY (After Washburne) 
^^ Extract from Washburne Letter ^^ 

"The only matter which I consider as practically proven by my study 
of the geophysics of petroleum is the control of capillarity upon the 
distribution of gas, oil, and water within the rocks. Since water has 
about 50 per cent, higher surface tension than oil, it tends to be drawn 
into the finest capillaries with half again as much force as that drawing 
oil into the fine openings. Every slight movement of the various fluids 
in the rocks tends to move water from sandstone into shale with greater 
ease than the reverse tendency from shale into sandstone. Likewise, 
it tends to move gas from shale into sandstone with greater ease than 
from sandstone into shale. The net result of this tendency, which has 
operated continuously since the formation of the strata, is to cause the 
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concentration of gas and oil into coarse spaces of rocks, that is, in fis- 
sures or sandstone layers in shale, in conglomeratic or other coarse layers 
in sandstone, etc., leaving the water within the shale. I believe that 
this exchange of gas and water between sandstone layers and shale is one 
of the causes of the apparent dryness of the deep sands of the Appala- 
chian and Mid-Continent oil fields. These sands were originally full 
of water, but in the course of geologic time this water has been exchanged 
for nitrogen, methane, and carbon-dioxide of the adjacent shales through 
the operation of capillary forces." 

Reservoirs for Petroletiin. — As shown above, the higher parts 
of folds act as great collecting reservoirs for oil. A study of the 
strata making up such reservoirs will prove of value. The best 
reservoirs for oil are coarse sands, conglomerates, and porous 
dolomitic limestones. (See Chapter III for definitions.) Sand- 
stones and shales often carry oil, but they are not the most favor- 
able reservoirs, since in most sandstones the cementing material 
binding the sand grains together fills the pores so that the rock 
can hold only a small quantity of fluid. Shales also have very 
fine pores and hold only small quantities of oil, except where the 
shales have been broken into fragments due to intense crushing 
as is the case with some of the California shales, especially the 
silicified Monterey shales at Santa Maria. 

The percentage of voids in the various kinds of strata varies 
considerably. Sands may contain from 15 to 35 per cent, voids; 
sandstones, 5 to 15 per cent, voids; conglomerates may contain as 
high as 30 per cent, voids; shales, from 2 to 10 per cent., and some 
dolomitic limestones are reported to contain as high as 35 per cent, 
voids. The percentages are so variable that one must not take 
the material in one field to be a criterion or measure of material 
in other fields. The following discussions on the quantity of oil 
in the sands, saturation, and drainage areas are all interesting and 
pertinent to the discussion on voids. 

Lauer in a recent paper^ wishes to emphasize the importance of 

* The Petrology of Reservoir Rocks and its Influence on the Accumula- 
tion of Petroleum." Economic Geology, vol. xii, No. 5, August, 1917. 
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* 
openings in the sands resulting from folding. Cracks, crevices, 

joints, and solution cavities are all considered. Lauer contends 

that the forces causing folding have weakened the tops of the folds 

and made the anticlines especially susceptible to solution action 

and to the formation of fissures and cracks. This is theoretically 

correct and no doubt has a practical application, but in the slightly 

folded areas such as are found in the Mid-Continent areas of the 

United States it seems that porosity due to the minute spaces 

between the sands is the determining factor of accumulation. 

In Wyoming, California, or wherever intense folding has taken 

place there will be a tendency to form reservoirs other than the 

original pore space, but how much importance "induced porosity" 

plays is as yet undetermined, but it is probably a minority part. 

Quantity op Oil in Sands. — Many people think of lakes of 

oil lying underground. This is not the case, by any means. It 

is entirely unnecessary to call such a theory into use to explain 

oil reservoirs. The small voids in the sands aflford plenty of 

space in which oil may g^ccumulate. Some sands contain 20 per 

cent, voids. If these voids were full of oil, each 100 cu. ft. of 

sand would contain 20 cu. ft. of oil. A bed 100 ft. thick and 

covering an acre of land would then contain the following number 

of barrels of oil (42 gallons per barrel — 7.5 gallons per cu. ft.) : 

43,560X7.5X20 .-^-ocu i 

j^ = 155,535 barrels. 

42 ' 

Saturation op Oil Sands. — By oil saturation one means the 
percentage of oil present by volume in a. cubic foot of oil sand. 
If the voids are 20 per cent., and the sand is filled with petroleum, 
then the saturation is 20 per cent.^ However, this method is 
only a rough approximation, as the amount of oil that a formation 
holds depends not only upon the porosity but upon the tempera- 
tures of the earth, the hydrostatic and the rock pressures. Only 
when all these factors are known can one obtain an accurate idea 
of the saturation. 

* Some scientists call the complete saturation 100%. If but 10% of the 
voids of the sand were filled the saturation would be 60%. 
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The U. S. Government in its estimates of oil reserves takes 10 
per cent, as the saturation. Other estimates allow 1 gallon of oil 
to each cubic foot of sand (13.3 per cent.), or approximately 1000 
barrels per acre-foot. By 10 per cent, saturation it is not meant 
that 10 per cent, of the oil is recoverable. The amount of recov- 
erable oil may only be 10 per cent, of the saturation or it may be 
as high as 75 per cent, varying with the porosity of the sand, gas 
pressure, etc. This will be discussed in Chapter VII. 

As one can readily appreciate, it is entirely unnecessary to 
assume lakes to account for the oil below the ground. In some 
places where the sands are 200 to 300 ft. thick enormous quanti- 
ties of petroleum are found; in others where the beds are but 10 ft. 
thick a correspondingly less quantity of oil is found, though this 
holds true only under certain conditions. 

A sand 100 ft. thick fully saturated with oil will produce more 
oil than one only 10 ft. thick, provided, of course, the size of sand 
grain and per cent, of saturation are the same, and the gas pres- 
sure and dips are constant in both cases. Some thin sands have 
been very rich producers where coarse grained, producing for a 
time much larger quantities of oil than thicker beds which were 
finer grained. 

Porous beds under heavy gas pressures give up their oil very 
rapidly. A thin bed of sand or Umestone which is of coarse tex- 
ture may then be expected to have a short Ufe compared with 
thick beds of finer grained materia.1. 

The longevity of a well does not determine its productivity, 
as one well may produce in one month as much oil as others 
could produce in a lifetime of 15 or 20 years. The great 
gushers Uke the Lucas gusher of Spindle Top, Texas, and the 
Lakeview gusher of California are examples of great productivity. 
Such wells produced phenomenally 50 to 60,000 barrels per day 
for comparatively short periods of time, but soon exhausted 
themselves. 

Dbainage Areas. — It has been explained how oil accumulates 
and some idea was given as to the quantities of oil in beds. In 
conclusion it is well to touch on the size of the areas from which 
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the oil has been collected. "Drainage a^ea'^is rather a misnomer 
as oil does not generally travel downward, but is displaced by 
water and thus rests upon it. However, the term expresses the 
same idea as drainage and will be used here to niean that area 
from which the oil has collected. 

Naturally the size of folds varies greatly. This being true, 
it follows that the larger the fold, the more oil it should hold, 
other conditions being equal. The measurement of a fold is 
not a difficult matter once the basins or depressions are deter- 
mined. If an anticline is 25 miles long and 10 miles wide, the 
drainage area is not 25 X 10, or 250 square miles, but will be 
greater, depending upon the shape of the fold. A fold shaped 
like that in Fig. 8a would not cover as large an area as the fold 
in 8b or in 9a (all shown in Chapter III), if the folds were flat- 
tened out. A few folds measured by the writer had relative areas 
of 300, 80, 5, and }^i square miles. The large folds give large 
acreages of available oil land, while the smallest fold would not 
pay to prospect. It must not be thought that all of the folded 
area carries oil. The proportion of oil land in average oil-field 
drainage areas varies from 1 to 20 per cent, of the total drainage 
area; however, 5 per cent, would be a large proportion for most 
oil fields. The areas given above on a 5 per cent, basis would 
furnish available acreages of 9600, 2560, 128 and 4 acres re- 
spectively. One cannot, however, figure on such an average for 
the true production areas were approximately 5000, 500 and 100 
acres respectively. The smaller area was not tested. From these 
few notes one can appreciate that each field is a separate problem. 

Impervious Beds, Capping and nnderl3ring the Oil Strata. — 
Oil strata are overlaid or capped, and underlaid by strata prac- 
tically impervious to oil. These beds may consist of compact 
shales, hard, closely cemented sandstones, and compact lime- 
stones. In all cases the overlying strata must be tight enough to 
effectually seal in the oil. Where the strata have been eroded 
leaving exposed sands, the more volatile oils will escape unless 
asphaltic or paraffine deposits coat the faces of the strata, and 
act as seals to keep in the remaining oil. 
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However, as explained under "Effects of Migration," be- 
low there are conditions where oil may work its way upward 
through the overlying beds. Also were it not for the compact, 
overlying beds, water would work its way downward from the 
surface of the earth and flood the oil strata. 

It is just as essential to have a compact underlying bed of 
material to retain the oil as it is to have a capping. If it were not 
for such beds the oil would gradually escape downward from the 
stratum in which it originally occurred. It seems highly probable 
that such has been the case in some instances. However, water 
in the lower beds would stop migration, for petroleum will not 
escape through a rock saturated with water. This applies 
whether or not the water stratum is above or below the oil stra- 
tum. In such saturated rocks the water is held by friction and 
capillary attraction to the small grains of sand and the oil has not 
sufficient pressure to overcome these factors. If for any reason 
the rocks below lose their water the oil will under some conditions 
travel downward. 

Effects of Migration. — Oil is not generally indigenous 
to the formation in which it is found, but has migrated from 
other formations. The migration, or travel, of petroleum 
from one formation to another undoubtedly affects its specific 
gravity. 

Petroleum is a mixture of hydrocarbons, each having different 
specific gravities. If petroleum occurs in a sand, portions of 
it may work upward or downward through the capping above or 
the bottom formation underlying the sand. If the cappings 
or bottoms are very fine grained, only a very small proportion 
of the hydrocarbons will escape. If shale overlies the sand the 
lighter part of the hydrocarbons will work its way through 
the shale to the strata above The heavy constituents will be 
left in the sand below, some lighter constituents will be found 
in the shale, and still lighter constituents in the formations 
above. If the migration is downward, the oils below will be 
lighter than those above. 
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A very thick oil will not penetrate fine-grained clay nor shale, 
so there is a limit to the amount of petroleum that will escape 
from the original formation. 

Where there are faults or breaks in the formations, allow- 
ing the escape of hydrocarbons from deep-ljdng carbonaceous 
formations to overlying strata, the Ughter constituents may es- 
cape from the lower beds and be found above. Water as- 
cending along these fault planes may carry the petroleum with 
it. Necessarily the petroleum that is mixed with water will be 
heavier than the original petroleum. 

Economic Aspect op Specific Gravity. — As it is known that 
petroleum in strata of different ages varies, it is of course ad- 
visable to know the quality of the oil desired and bore for that 
stratum. For that reason, if no oth^, it is often important to 
know the ages of the formations through which the drill is to 
penetrate. It is generally true that the heavy oils occur in 
formations that are much younger than those containing the 
light oils, although there are exceptions to this rule. 

The position of a well on the fold is most important as regards 
the gravity of the oil to be encountered. In a closed structure 
such as that in Fig. 1, the Ughtest oil will occur near the gas 
line and the heavier oil near the water line, for petroleum is not 
a homogeneous fluid but a mixture of a number of hydrocarbons 
which separate in a vessel according to their specific gravities. 

Where, however, there is an open structure Uke that shown in 
Fig. 9, Chapter II, the oil near the outcrop will be heavy, due to 
the escape of the volatile constituents; the oil a little further down 
the dip will be lighter, and then heavier oil will be encountered 
near the water line. 

Where faulting exposes the beds or allows the escape of oil 
along the fault plane, heavy oil may be expected in proximity to 
the fault. 
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DYNAMIC HEAT GENERATED BY INTENSE FOLDING 
AND ITS EFFECT ON OIL FIELDS 

A theory advanced by David White seems to be applic- 
able in the oil-fields of the Appalachian and Mid-Continent 
regions. 

Briefly stated, the theory is that as one approaches the Unes 
or centers of intense folding the heat generated by the intense 
folding has been suflScient to volatilize the hydrocarbons in the 
oil and change them to a more stable gaseous form. 

Metamorphism has affected the coals to the extent that the 
closer the coal is found to the centers of lines of uplift the more 
anthracitic the coal becomes, i.e., contains more fixed carbon and 
less volatile water. 

This is particularly the case in the Appalachian fields and 
holds without any question in the southeastern Oklahoma and 
Arkansas gas fields. 

Vast quantities of gas are formed with but small traces of oil. 
The theory is certainly entitled to serious consideration, and in 
Oklahoma and Arkansas it has formed an excellent, if empiric, 
working guide to petroleum geologists. 



CHAPTER II 

CHEMICAL COMPOSITION OF PETROLEUM— PHYSICAL 
CONSTITUENTS— COMMERCIAL VALUES 

CHEMICAL COMPOSITION' 

Natural gas, petroleum, bitumen, and asphaltum are all 
essentially compounds of carbon and hydrogen, or, more pre- 
cisely, mixtures of such compounds in bewildering variety. They 
contain, moreover, many impurities — such as sulphur compounds, 
oxidized and nitrogenous substances — whose exact nature is 
not always clearly defined. The proximate analysis of a petro- 
leum or bitumen consists in separating its components from 
one another, and in their identification as compounds of definite 
constitution. 

All of the hydrocarbons fall primarily into a number of regular 
series, to each of which a generalized formula may be assigned, 
in accordance with the following scheme: 

1. CnH2n+2 6. CnH2n-8 

2. CnH2n 7. CnH2n-10 

3. CnH2n-2 8. CnH2n~12 

4. CnH2n_4 — 

5. CnH2n-6 18. CnH2n-82 

Members of the first eight series have been discovered in petro- 
leum. These expressions, however, have only a preliminary 
value, although they are often used in the classification of 
petroleum. Each one represents a group of series — homologous, 
isomeric, or polymeric, as the case may be — and for precise work 
these must be taken separately. The first formula, for example, 

' Aftor Clark, Data of Geo-Chemistry. 

16 
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represents what are known as the paraffine hydrocarbons, which 
begin with marsh gas or methane, CH4, and range at least as high 
as tne compound C36H72. Even these are again subdivided into a 
number of isomeric series — the primary, secondary, and tertiary 
paraffines — which, with equal-percentage composition, differ in 
physical properties, by virtue of differences of atomic arrange- 
ment within the molecules. Each member of the series differs 
from the preceding member by the addition to the group CH2, 
and also by the physical characteristics of greater condensation. 
Methane, CH4, for example, is gaseous; the middle members of 
the series are Uquids, with regularly increasing boiUng points; 
the higher members are soUds, like ordinary paraffine. These 
hydrocarbons are especially characteristic of the Pennsylvania 
petroleum, from which the following members of the series have 
been separated. (See Table I, page IS.) 

To the Ust in Table II, the isomeric secondary paraffines, iso- 
butane, isopentane, isohexane, and isooctane must be added, and 
even then the list is probably not complete. For instance, the 
solid paraffines C27H56 and CaoHea have been found in petroleum. 

Natural gas consists almost entirely of paraffines, mainly of 
methane, with quite subordinate impurities. In six samples 
from West Virginia, analyzed by C. D. Howard, the total paraf- 
fines varied between 94.13 and 95.73 per cent.; methane, from 
79.95 to 86.48 per cent, and ethane, from 7.65 to 15.09. The 
following analyses from other sources may be cited more in detail. 
(See Table II, page 19.) 

The analyses of Pennsylvania gases by S. Pr Sadtler gave some- 
what different results. In gas from four different wells he found 
theJFollowing: CH4, 60.27 to 89.65 per cent.; CaHc, 4.39 to 18.39; 
and H2, 4.79 to 22.50. The high figures for hydrogen are unusual 
and suggest a resemblance to coal gas. In all cases, howjever, 
methane is the preponderating constituent, the characteristic 
hydrocarbon of natural gas. In the natural gas of Point Abino, 
Canada, F. C. PhiUips found 96.57 per cent, of paraffines and 
0.74 of H2S. 
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Table I. — PABAPriNES from Pennsylvania Petroleum 



Name 



Formula 



Melting 
point 



Boiling 
point 



1. Gaseous: 

Methane 

Ethane 

Propane 

Butane 

2. Liquid: 

Pentane 

Hexane 

Heptane 

Octane 

Nonane 

Decane 

Endecane 

Dodecane 

Tridecane ? 

Tetradecane 

Pentadecane 

Hexadecane 

3. SoUd: 

Octodecane 

Eicosane 

Tricosane 

Tetracosane 

Pentacosane 

Hexacosane 

Octocosane 

Nonocosane 

Hentriacontape . . . 

Dotriacontane 

Tetratriacontane . 
Pentatriacontane* 



CH4 ... 

CaHg... 
C4H10. . 



CtHis.. 
CeHii. . 
C7H16. . 
CgHig. . 

CioHjj. 
C11H14. 
Ci2H2e. 
CiaHjg- 
CiiHjo- 
CifiHaa. 
CieH«4. 



CigHjg. . 
C J0H42 . . 

C23H4g. . 

C^Hfio- • 
CajHsa. . 

C26Hs4« • 

CjgHftg. . 
CwHeo. • 

CsiH64. . 

CsaHee. • 

Cs4H70- • 
CsfiHys. . 



-186 
-172.1 



- 51 

- 31 

- 26 

- 12 



+ 4 
18 



37 

48 
50-51 
5a-54 
55-56 

60 
62-63 

66 
67-68 
71-72 

76 



-164 

- 84.1 

- 37 

+ 1 

37 

69 

98 

125 

150 

173 

195 

214 



252 



' * For a description of these higher, solid paraffines, see C. F. Mabery, Am. 
Chem. Jour..^vol. 33, p. 251, 1905. The literature of these substances is so 
voluminous that I cannot attempt to give exhaustive references. C. Hell 
and C. Hagele (Ber Deutsch. chem. Gesell., vol. 22, p. 504, 1889) have 
described an artificial hydrocarbon, CgoHus- 



CHEMICAL COMPOSITION OF PETROLEUM 



19 



Table II. — ^Analyses op Natural Gas 





A 


B 


C 


D 


E 


^ F 


CH4 










93.36 


97.63 


Parafi&nes^ 


96.36 


98.90 


87.27 


93.56 




C2Hi,- etc 


0.28 
0.53 
0.25 
1.76 
3.28 
0.18 
0.29 


0.22 


CO 










1.32 


COt 


3.64 
none 
none 
none 
none 


0.40 
none 
.70 
none 
none 


0.41 
none 
12.32 
none 
none 


0.14- 

none 

6.30 

none 

none 


0.22 


Ha 


none 


N, 


0.60 


H,S 




0, 


trace 








100.00 


100.00 


100.00 


100.00 


99.93 


100.00 



•A. From Creighton, Pennsylvania. 

B. From Pittsburg, Pennsylvania. 

C. From Baden, Pennsylvania. 

D. From Vancouver, British Columbia. Analyses A to D by F. C. 
Phillips, Am. Chem. Jour., vol. 16, p. 406, 1894. Selected from a table of 
seventeen analyses to show extreme variations. 

E. Mean of four gases from Indiana and three from Ohio, analyzed by C. 
G. Howard for the United States Geological Survey. Cited by W. J. McGee, 
Eleventh Ann. Rept., U. S. Geol. Survey, pt. 1, p. 592, 1891. 

F. From Oswatamie, Kansas. From a table of seven analyses by E. H. 
S. Bailey, Kansas Univ. Quart., vol. 4, p. 1, 1895. According to H. P. Cady 
and D. F. McFarland (Trans. Kansas Acad. Sci., vol. 20, p. 80, 1907), the 
natural gas of Kansas contains helium. It was found in forty-four samples, 
in amoimts from 0.01 to nearly 2 per cent. 

Hydrocarbons of the form CnH2n are, as constituents of petro- 
leum, of equal importance to the paraffines. These again fall 
into several independent series, which vary in physical properties 
and in their chemical relations, but are identical in percentage 
composition. One series, the olefines, is parallel to the paraffine 
series, and the following members of it are said to' have been iso- 
lated fronx petroleum. (See Table III, page 20.) 

Table III is probably exact in an empirical sense, but not 
so constitutionally. Hydrocarbons of the indicated composition 
have imdoubtedly been found, and some of them are certainly 

* Largely CH4, with more or less ethane. CO not found by Phillips. 
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olefines. According to C. F. Mabery, however, the true olefines, 
or ''open-chain" series, are present in petroleum at most in 
very small amounts. In Canadian petroleum Mabery and W. 0. 
Quayle identified hexylene, heptylene, octylene and nonylene. 
In other cases, and notably in the Russian petroleums, the com- 
pounds CnHzn are not olefines, but cycUc hydrocarbons of the 
polymethylene series, which were originally called naphtenes. 
They were at first supposed to be derivatives of the benzene 
series) and it is only within recent years that their true consti- 
tution has been determined. In Russian oils they are the princi- 
pal constituents, and according to C. F. Mabery and E. J. 
Hudson they also predominate in Cahfornia petroleum. 

Table III. — So-called "Olefines" from Petroleum 



Name 



Formula 



Melting 
point 



Boiling 
point 



1. Gaseous: 

Ethylene 

Propylene . . . 
Butylene 

2. Liquid: 

Amylene . . . . 

Hexylene 

Heptylene. . . 
Octylene . . . : 

Nonylene 

Decylene 

Undecylene . 
Duodecylene 
Tridecylene . 
Cetene 

3.' Solid: 

Cerotene .... 
Melene 



C2H4. 
CsHe. 
C4H8. 



CsHio. . 
C6H12. . 

CyHu.. 

CgHie. . 
C9H18.. 

CloH20. 
C11H22. 
Cl2H24- 
Cl3H26- 

C16H82. 

C20H40. 



C27H64. 

OsoHeo- 



65-66 
62 



^103 

- 18 

- 5 

+ 35 

68 

98 
124 
153 
172 
195 
216 
232.7 
275 



Members of the series from C7Hi4 to C15H30 were isolated from 
the Cahfornia material. Mabery and S. Takano also found that 
Japanese petroleum consisted largely of CnH2n hydrocarbons. 
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Other similar occurrences are recorded in the treatises of Hofer 
and Redwood. 

The series CnH2n-2 is often called the acetylene series, after 
its first member, acetylene, C2H2. The lower members of this 
series have not been found in petroleum, but several of its higher 
members are characteristic of oils from Texas, Louisiana, and 
Ohio. In oil from the Trenton limestone of Ohio, Mabeiy and 
O. H. Palm found hydrocarbons having the composition CigHse, 
C21H40, C22H42, and C24H46. With these compounds were also 
members of the next series, CnH2n-4 — ^namely, C33H42, C24H44, 
and C26H46. In petroleum from Louisiana, C. E. Coates and 
A. Best found the hydrocarbons C12H22 and C14H26. These, 
together with CjeHso, were also separated by Mabery from Texas 
oils. These oils are furthermore pecuUar in containing free 
sulphur, which separates in crystalUne form. 

COMMERCIAL TESTS OF PETROLEUM 

The commercial value of crude petroleum of course depends 
largely upon its physical and chemical properties. The uses for 
petroleum differ, so before describing the geology of petroleum it 
is well to consider its properties from a commercial viewpoint. 

Several thousands of products are obtained from crude petro- 
Jeum, the principal ones are gasoUne, benzine, kerosene, gas. oil, 
lubricating oil, fuel oil, asphalt, paraffine wax, and inany other 
famiUar names. Those oils producing the greatest quantity of 
Ughter products, such as gasoline and benzine are higher in 
' specific gravity than the heavy fuel oils. An Oklahoma oil of 
41.2 Baum^ (see page 28) gives 37.5 of gasoUne, while a.CaUfornia 
fuel oil of 17.6 Baum6 (see page 27) gives only 2 per cent, of 
gasoline. 

One grade of oil may be valuable for its high asphalt content, 
another for its gasoUne content, another for its fuel value, and 
another for its lubricating stock. The usual practice is to refine 
or separate the various oils so as to obtain the various commercial 
products. 

Crude oils are classed roughly as of paraffine, asphalt, and mixed 
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bases, depending on the chemical composition of the crude oil. 
The Pennsylvania oils are classed as of paraffine base, the Cali- 
fornia and Gulf Coast oil of asphalt base and the Mid-Continent 
oils are principally mixed crudes consisting of both paraffine 
and asphalt compounds. 

The most valuable crude oils at present are the Pennsylvania 
oils which produce large percentages of gasoline and fine lubri- 
cating oils. Next come the Mid-Continent oils and the Wyom- 
ing oils, which produce much gasoline but are poorer in good 
lubricants. They range from 30° to 50*^ Baum6. The Califor- 
nian and Gulf Coast oil of Texas, Louisiana, and Mexico, are 
called fuel oils but also carry some of the other Ughter constitu- 
ents, such as gasoline and kerosene. 

Measures of the value of petroleum are roughly obtained from 
its physical properties. The specific gravities of petroleum have 
long been used as rough measurement of its Value. The lighter 
the oil the better it is generally considered. An oil with a specific 
gravity of 40 per cent. Baum6 will generally produce more of 
the valuable by-products than one of 15 per cent. Baum^. 
Heating values and viscosity are also important factors; the 
latter especially in pipe lines estimates. 

The presence of sulphur and nitrogen as impurities is also de- 
termined. The presence of sulphur in Kansas and in Texas oils 
made them once of Uttle refining value. Recent refining methods 
have overcome the former troubles with sulphur. 

Specific Gravity. — The specific gravity of any fluid is the rela- 
tion the fluid bears by weight to the same volume of water. 
Water has a specific gravity of 1. As petroleum is lighter than 
water, its specific gravity is expressed by decimals less than 
unity. Gravity is also expressed in degrees Baiun6, a method 
employed by a French chemist to measure the comparative 
weight of fluids. The greater the degrees Baum6 the lighter the 
fluid. The relation between the two methods is shown and 
explained in Table IV, page 23. 

The instruments used are a hydrometer and a standard ther- 
mometer. The hydrometer, which is a glass column marked with 
graduations from 10 to 100, was invented by Antoine Baum^, 
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a French chemist, and the scale on the instrument has always 
borne his name. The hydrometer when placed in a jar or a bottle 
of oil sinks to the point on the scale which indicates the gravity 
in degrees Baum6. The basis of temperatm'e for testing oil is 
60** F. and for oil at a greater or less temperature, variations 
must be calculated. Hydrometers are usually provided with 
a special scale for figuring temperature variations. The specific 
gravity is found by dividing 140 by 130 plus the Baum6 de- 
grees, for example: if the hydrometer registers 30°, this added 
to 130 equals 160, which divided into 140 shows specific gravity 
0.875°. 

Following is a table showing Baum6 degrees, specific gravity, 
and weight per gallon of oil. 

Table IV. — Specific Gkavity op Crude Oil and Method of Finding It 



Degrees 
Baum6 


Degrees 

specific 

gravity 


Weight 

per 
gallon, 
poiinds 


Degrees 
Baum6 


Degrees 

specific 

gravity 


Weight 

per 
gallon, 
pounds 


Degrees 
Baum6 


1 

Degrees 

specific 

gravity 


Weight 

per 
gallon, 
pounds 


10 


1.0000 


8.33 


32 


0.8641 


7.20 


54 


0.7608 


6.34 


11 


.9929 


8.27 


33 


.8588 


7.15 


55 


.7567 


6.30 


12 


.9859 


8.21 


34 


.8536 


7.11 


56 


.7526 


6.27 


13 


.9790 


8.16 


35 


.8484 


7.07 


57 


.7486 


6.24 


14 


.9722 


8.10 


36 


.8433 


7.03 


58 


:7446 


6.20 


15 


.9655 


8.04 


37 


.8383 


6.98 


59 


.7407 


6.17 


16 


.9589 


7.99 


38 


.8333 


6.94 


60 


.7368 


6.14 


17 


.9523 


7.93 


39 


.8284 


6.90 


61 


.7329 


6.11 


18 


.9459 


7.88 


40 


.8235 


6.86 


62 


.7290 


6.07 


19 


.9395 


7.83 


41 


.8187 


6.82 


63 


.7253 


6.04 


20 


.9333 


7.78 


42 


.8139 


6.78 


64 


.7216 


6.01 


21 


.9271 


7.72 


43 


.8092 


6.74 


65 


.7179 


5.98 


22 


.9210 


7.67 


44 


.8045 


6.70 


66 


.7142 


5.95 


23 


.9150 


7.62 


45 


.8000 


6.66 


67 


.7106 


5.92 


24 


.9090 


7.57 


46 


.7954 


6.63 


68 


.7070 


5.89 


25 


.9032 


7.53 


47 


.7909 


6.59 


69 


.7035 


5.86 


26 


.8974 


7.48 


48 


.7865 


6.55 


70 


.7000 


5.83 


27 


.8917 


7.43 


49 


.7821 


6.52 


75 


.6829 


5.69 


28 


.8860 


7.38 


50 


.7777 


6.48 


80 


.6666 


5.55 


29 


.8805 


7.34 


51 


.7734 


6.44 


85 


.6511 


5.42 


30 


.8750 


7.29 


52 


.7692 


6.41 


90 


.6363 


5.30 


31 


.8695 


7.24 


53 


.7650 


6.37 


95 


.6222 


5.18 
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Heating Value. — The heating value of petroleum is measured 
in calories or in British thermal units. 

The units of heat are called calories and British thermal units. 

A calorie is that quantity of heat which will raise the tempera- 
ture of 1 gram of water from 14.5*^ to 15.5*^ C. 

A British thermal unit is the heat required to raise the tem- 
perature of 1 lb. of water 1° Fahrenheit. 

1 B.t.u. equals 252 calories. 

Measurements of heat units are made by use of any stand- 
ard calorimeter. The Ughter the petroleum the higher its heat- 
ing value. A gram or a pound of Ught oil will give more heat 
the same weight of heavy oil but a gallon of heavy oil will give 
more heat than a gallon of light oil. 

The range of heat units in calories is from 10,000 calories to as 
high as 11,000 calories per gram of oil or in British thermal units 
from 18,500 to 19,900 British thermal units per lb. of oil. 

Viscosity. — Viscosity is defined as the internal friction of a 
fluid. Oils of low viscosity, Uke the Ught oils of the Eastern 
fields flow rapidly, whereas the thick, heavy oils of California, 
with high viscosities, flow slowly. 

Viscosity is measured by the time a given quantity of oil 
flows through an orifice compared to the time an equal quantity 
of water flows through the same orifice under the same condi- 
tions of temperature. 

The viscosity of oil changes due to temperature. At low tem- 
peratures crude oil flows very slowly like molasses, at higher tem- 
peratures it flows very rapidly. 

Viscosities vary from 1000 times that of pute water to that of 
water itself. The factors would then be 1000 and 1. Viscosities 
are based on several standard gauges or viscosimeters. 

Those for the Engler scale and a temperature 20° C. are pre- 
sented in Table XXII, p. 227. 

Oil Analyses. — Oil analyses are of several types. 1. Elemental 
analyses. 2. Fractional distillation analyses. 3. Commercial 
analyses. 

Elemental analyses are those shown in Table V, page 25. 

In these analyses the primary points such ai^the specific gravi- 
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ties, the calorific or heating value, the percentages of hydrogen, 
carbon, nitrogen, and sulphur are given. Viscosity and water 
content may also be included. These elemental analyses give 
rough indices of the value of the oils before refining. Better 
results are, however, obtained by fractional distillation. (See 
Table V, page 25, for California oils. Other oils are given in 
the Appendix. See pages 227 to 229.) 

Fractional Distillation, — The results given in Table VI, page 26, 
are obtained by taking a small amount of oil, placing it in a flask, 
and distilling the oil. The products from the distillation are 
expressed in percentages or fractions hence the name. The 
amount of oil used in these tests was 100 cubic centimeters and 
the temperatures were from atmospheric to 150° C. (Fr, and 
from 150^-300*' C. (Fah)). Further refinements could be carried 
out. The first ''cut" from atmospheric to 150° C. gives the more 
valuable products such as naphtha and gasoUne, the second 
''cut" gives the kerosenes and gas oils. The residuum contains 
the lubricants and waxes. 

The ranges of products are given in percentages. Comparisons 
of oils can be readily made in this way, and an index of the value 
of oil thus obtained. This system is also the basis of oil refining 
which is nothing more or less than the appUcation of the same 
principle to large quantities of petroleum. 

Commercial analyses are those obtained from actual trial tests 
on oils. On pages 27 and 28 commercial analyses are given. 
These show in percent and in barrels the amount of the various 
products received. 

ELEMENTAL ANALYSES 
Table V. — CALiroBNiA Analyses 



Nos. 


Field 

1 


Specific 

gravity 

at 16° C. 


Heating 

value per 

gram 


Hydro- 
gen 


Carbon 


Nitro- 
gen 


Sul- 
phur 


Unde- 
ter- 
mined 


545 

635 
542 
543 
544 


Kem River 
composite^ . . 

Coalinga 

McKittrick. . . 

Midway 

Sunset 


0.9670 
.9505 
.9600 
.9580 
.9705 


Calories 

10,312 
10,400 
10,186 
10,314 
10,233 


Per 
cent. 

11.27 
11.30 
11.41 
11.61 
11.37 


Per 
cent. 

86.36 
86.37 
86.51 
86.58 
85.64 


Per 
cent. 

0.74 

1.14 

.58 

.74 

.84 


Per 
cent. 

0.89 
.60 
.74 
.82 

1.06 


Per 
cent. 

0.74 
.59 
.76 
.25 

1.09 
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Complete analyses of several petroleums are presented below. 

ANALYSIS OF SULPHUR MOUNTAIN PETROLEUM COMPANY, 

VENTURA COUNTY, CALIFORNIA 



Gravity 17.6** Baum^ 




Viscosity at 60** F. 81 . 15 Redwood 


Viscosity at 185** F. 2 . 65 Redwood 


Flash point Below 60° F. 




Sulphur 1 . 46 per cent. 


Thermal value 18,551 B.t.u. 




DistiUcUion Results 




Sample of 200 c.c. distilled in glass with steam. 




\ 


Gravity 


Below 212** F. 3.1 per cent. 


58 . 0** Baum6 


212** to 302** 4 . 8 per cent. 


50 . 7** Baum6 


302** to 392** 8 . 1 per cent. 


41.2**Baum6 


392** to 482** 7 . 4 per cent. 


32 . 4° Baum 6 


482** to 572** 8 . 8 per cent. 


28 . 8** Baum6 


572** to grade D asphalt 20 . per cent. 


20.5**Baum6 


Asphalt 25.0 per cent, grade D 




Water and loss 2 . 8 per cent. 




100.0 per cent. 




This corresponds in round figures to the following commercial ana 


Gasoline 61 . 0** Baum6 


2 per cent. 


Distillate 52 . 0** Baum 6 


6 per cent. 


Kerosene 42.0** Baum6 


8 per cent. 


Stove oil 34.0**Baum6 


6 per cent. 


Fuel oil 28.0°Baum6 


30 per cent. 


Lubricating stock 20.5° Baum 6 


20 per cent. 


Asphalt grade D 


25 per cent. 


LORS^^ 


3 per cent. 



100 per cent. 



COMMERCIAL ANALYSIS OF CUSHING, OKLAHOMA, OIL 

The following tests made on Gushing crude oil by the Cosden 
Refining Company at Tulsa will also give an idea of the char- 
acter of the Gushing oil. 
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Result op a Test Run on 30,000 Gallons of 40.9® Baum^ Gushing 
Grude, from Bartlesvillb, Wheeler, and Layton Sands 

Grude benzine 36 . 

80 per cent, of this if re-run would be finished 
60° Baum4 gasoline 

Kerosene 20 . 

Gas oil 10.0 

Wax distillate 21 .0 . 

Residuum 9.0 

Layton crude 43.6® Baum6 

Gasoline 60° to 61® gravity 60.0 

Water white 40® to 41® gravity 12.6 

Residuum or road base < 33 . 5 

Loss V 4.0 

Test of 680 bbl. of Gushing crude 40® Baum6 from Bartlesville, 

Wheeler, and Layton sands 
207.64 bbl. crude benzine, or 35.78 per cent. 
96.66 bbl. water white distillate, or 16.67 per cent. 
177.68 bbl. wax distillate, or 30.64 per cent. 
70.37 bbl. residuum, or 13.61 per cent. 
19.7 bbl. loss, or 3.4 per cent. ^ 

Wheeler crude 41.2® Baum6 

Gasoline 60® to 61® gravity 37.6 

Water white 40° to 41® gravity 21.0 

Wax distaiate 26.0 

Tar, or heavy residuum 12 . 

Loss 6.6 

Records obtained from the Superintendent of the Gosden Refining Com- 
pany, Tulsa, Oklahoma. 



CHAPTER III 

STRATIGRAPHY 

Stratigraphy is the detailed study of the composition, of the 
order of deposition, and of the relative ages of the stratified rocks 
that make up the earth's crust. 

CLASSES OF ROCKS 

, All rocks that make up the earth's surface belong to one of 
the three great classes: 

(1) Igneous rocks, or volcanics. (2) Sedimentary rocks, ^ and 
(3) Metamorphosed igneous and sedimentary rocks. 

Igneous rocks are of many different kinds such as granites, 
syenites, and basalts. 

Sedimentary rocks, such as clays, shale sands, sandstones, 
limestones and other fragmentals are derived from material 
broken from-the igneous rocks, and from other sedimentary rocks. 

Metamorphics, such as gneisses, schists, and slates, are due to 
changes in both the igneous and sedimentary rocks. 

Any one prospecting for oil, is most interested in sedimentary 
rocks. These rocks are formed by the breaking down of igneous 
rocks due to the action of rains, frosts, winds, running water and 
other agencies. Beds of material are deposited along stream 
courses, along the sea coasts and lake shores. The principal 
types of sedimentary formations are classified as follows: Con- 
glomerate; sand; sandstones; clay; shales; and Umestones. 

Gravel — Conglomerate. — ^Loose aggregates of rounded or 
water-worn pebbles are called gravel. When pebbles become 
cemented together into coherent rocks, they form conglomer- 
ates. SiUca, calcite, and limonite are the principal cements 
that bind the particles together. 

1 See Table XXVI, p. 231, Appendix. 
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Gravel and conglomerate of limited extent indicate the former 
presence of swift streams; if of wide area they suggest the exist- 
ence of sea beaches and the advance of sea 6ver land. 

Sand— Sandstones.— The sediments finer than pebbles and 
yet of noticeable size, such as beach-sands or river-sands, are 
classed as sands. They are generally made up of quartz grains. 
In river sands, the grains are angular — ^in beach sands, rounded. 
Where sands are cemented by calcite and limonite, they form 
sandstones and when by siUca they form quartzites. 

Clays — Shales. — Clay is made up of very fine-grained particles 
principally of aluminous materials containing considerable 
water. Clays are formed in deeper water than sands. Shales 
are laminated rocks made up from hardened muds, silts or clays, 
as the result of pressure. 

Limestones.-— Limestones are formed principally of calcium 
carbonate resulting from the deposition of calcium salts in lake 
beds, or due to the action of corals and other marine organisms 
in building coral reefs. 

All of the classes of rocks above named are modified to 
form sub-classes and types without number. For all practical 
purposes the above definitions are sufficient. 

Deposition. — It is an ascertained fact that the sea coasts of 
the world are either rising or faUing very slowly. This being 
true, it is assumed that the ancient sea coasts were also rising and 
faUing. Indeed, such must have been the case when at present 
great beds of sea-shells are found upon high mountain tops. If a 
sea coast is sinking slowly and as the sedimentary material is 
deposited it is constantly covered up by the addition of matter 
above it. In time, layers, hundreds of feet thick, are accumu- 
lated. Sometimes such layers or beds contain much organic 
material in them. Again, the coasts may rise slowly and in time 
be above water. At the same time, the forces that caused this 
rising (due, perhaps, to the contraction of the earth which con- 
stantly tends to become smaller in diameter) caused a folding or 
crumpling of the earth's crust. 

The reasons above explain the accumulations of great thick- 



STRATIGRAPHY 31 

ness of material and the occurrence of various formations 
above sea level. The types of structure caused by crumpling 
and the attendant changes are classified in Chapter IV, page 47. 

Source of Supply of Material! — In every region there is a 
certa* part from which the materials that form the sedimentary 
rocks are derived. In most regions, igneous or volcanic rocks 
form the backbone of the mountain ranges, and it is from these 
that the materials are derived. 

In North Oklahoma and Kansas the sedimentation is largely 
derived from the older sediments and granitics of the Ozark 
Mountains. 

In Indiana, Ohio, Kentucky, West Virginia and Pennsylvania, 
the older granitics and sedimentaries of the Appalachians are 
the parent rocks. 

In Wyoming, Colorado and Utah, the origin of the Cretaceous 
sediments, the main producing horizons, seems to be in the Sierras 
— and not the Rockies, though the later Tertiary beds unquestion- 
ably come from the Rockies and its related chains. 

In California, the Sierra Nevadas and the Coast Ranges furnish 
the materials for sediments. 

In Southern Oklahoma, Louisiana, and Texas, the sediments 
come from the Ouachita, Arbuckle, and Wichita, and the Llano 
Burnett uplifts. 

In Mississippi, Alabama, and Georgia, the sediments come 
from the Appalachians. 

The tendency of every bed is to decrease in thickness away from 
the source of supply. When the source of supply is known, it is 
not difficult to predict the thickening and thinning of beds and 
the occurrence of conglomerates, of sands, and of shales. Con- 
glomerates form near the source of supply, sands farther away, 
and shales at a still greater distance. 

Variations in Beds. — The thickness of beds in some districts 
may increase or decrease greatly in the distance of a mile or more. 
With some formations, such as boulders and stream deposits, 
changes may occur in much shorter distances. Shale and sand 
beds 1500 ft. thick have totally disappeared in a little over 
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6 miles. A bed may start as a conglomerate, in 3^^ mile change 
to a sand, and further on to shale. (See Fig. 2.) 

Knowledge of such changes is of great importance in deter- 
mining reservoirs for oil, and in locating well sites to obtain the 
most productive wells, as will be shown later. 

Where underground waters percolate through the formations, 
and carry cementing material, conglomerate, sandstone, and 
silicified shale result. Where cementing material is absent, loose 
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FiQ. 2. — Illustrates the formation of sediments along a sea coast. 

gravel and soft shales occur. It is in these gravel beds, sands, 
and shales that oil finds its best resting place. 

Shore Lines. — The producing oil fields are generally on the 
flanks of big upUftS. As changes in sedimentation play an 
important part, and as the presence of good reservoirs, generally 
sands or sandstones are essential, we expect naturally that the 
most favorable sand conditions will be near shore conditions, 
and the further we go from such conditions, the less the chance 
of favorable reservoirs. Naturally then one expects less favor- 
able stratigraphic conditions away from the old shore lines. 
This is borne out in practice. 

However, it must be clearly borne in mind that the original 
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shore lines of, say the Cretaceous beds in Wyoming do not 
correspond with the shore lines of the later Tertiary sediments. 
The same equally applies in Oklahoma. The older Pennsylva- 
nian sediments have a different shore line from those of the later 
Permian beds. 

The later beds might extend much further into the basin areas 
because their shore line is further out. 

Conformity— Unconformities. — Where beds are deposited in 
order without breaks, as in Fig. 2, page 32, they are comformable. 
Beds B, C, and D, in Fig. 3, are also conformable. 



FlQ. 3. — IllustrBtes conformity, eroaional and angular UBCOntormitj'. 

Where the beds have been pushed above water and exposed to 
erosion, then have sunk again and other beds formed upon them, 
one finds an erosional unconformity, as shown at A, in Fig, 3. 

Where beds have been deposited, then upheaved, and folded, 
later eroded and have then sunk again, and still later beds de- 
posited on them, a condition similar to that at E in Fig. 3 results. 
This condition is called an angular unconformity. 

The questions raised by unconformities are by no means 
simple. In Central Texas the surface beds represent beds of 
Carboniferous and Cretaceous age principally. The Carboni- 
ferous measures there are the Permian, the Pennsylvanian, and 
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the Mississippian. The Pennsylvanian is subdivided into .the 
Cisco, the Canyon, and the Strawn divisions, and the Bend 



PERMIAN 



E8»h 



PENNSyLVANIAN 




Fig. 4. — Note unconformity between Pennsylvanian and overlying Creta- 
ceous beds, also unconformity between Bend Series and overlying Pennsylvanian 
beds. 

Series which is indeterminate and classed as either Pennsylvanian 
or Mississippian. 

The Upper Carboniferous beds lie unconformably upon the 



West 



East 



Pennsylvanian 



Cretaceoas 




TSote Fold 

Fig. 5. — How overlying beds may cover up a fold. 

Bend Series. (See Fig. 4.) In turn the Cretaceous beds lie 
unconformably upon the Pennsylvanian. (See Fig. 4.) 

Another good example of the appUcation of unconformity is 



West 



Supposed Auticline^ 



East 



'Pennsylvanian _^^ .-—-"""" 2^ " 



Cretaceou8> 




Fig. 6. — Illustrating danger in Texas of correlating Cretaceous and Pennsyl- 
vanian beds. 

shown in Fig. 5. In this case the overlying Cretaceous beds 
cover up the fold in the underlying Pennsylvanian. 
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ADOther interesting example of unconformity is shown in 
Fig. 6, page 34. In this ease an antichne was mapped due to 



migration of petroleum, 



mistaking the East dipping Cretaceous and the West dipping 
Pennsylvanian for beds of the same age. 



ti^- 7 illustrates a condition by no means uncommon. The 
ov/eeft formation is older than the upper and was tilted before 
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the upper bed was deposited on top. Wells at 1, strike sand i;j 
at 2, A and B; at 3 A ; at 4, A and C 

Overlap. — If beds are deposited along shore lines while the 
coast is slowly sinking, the first beds, A, laid down (see Fig. 9) 
are covered by material that is in turn covered and hidden by 
later beds, B, C and D. The higher beds progressively lap over' 
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Fig. 9. — Showing upper beds overlapping lower beds. 

the lower beds. Fig. 9 shows an overlap and also an uncon- 
formity between the crystalUne rocks and the sedimentaries. 

The practical appUcation of a knowledge of overlap can be 
appreciated from the condition shown in Fig. 10, page 36, which 
is based on actual occurrences in McCulloch and Coleman 
Counties, Texas. In this case well No. 1 drilled near Rochelle, 




jSTWs noh shown aH or ouhn>p Unconfi,rm(hr 

Fig. 10. — Unconformity and overlap new beds at 2 do not show at 1 nbr at the 

outcrop. 

Texas, starts in the Canyon beds of the Pennsylvanian and 
trates the Bend (Mississippian) horizon without encoun 
intermediate beds. Tests drilled at Trickham (25 miles) 
penetrate beds that do not occur in the Rochelle area, 
is an excellent example of overlap. 

The normal sequence is Bend, Strawn and then Canyon, ^ ^^ 
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all the beds are present. At Rochelle, the Strawn beds and part 
of the basal Canyon beds are absent. 

At Trickham all the basal Canyon formation is present and two 
hundred feet of Strawn beds overlie the Bend. Strawn beds do 
not occur at the outcrop of the Bend at Rochelle but do outcrop 
Northeast of the Rochelle area. 

RELATIVE AGES OF FORMATION 

Order of Superposition. — The relative ages of beds depend 
primarily upon the order of their deposition. Normally the 
older beds are beneath the younger. This simple law is the basis 
for determining the ages of beds. However, folding and faulting 
may change the position of certain beds but not their age. 

Hardness of Formations. — The older the formations, the harder 
they are, generally. Sand grains when cemented become sand- 
stones, shales become compressed and cemented to form slates. 
Jointing also becomes more pronounced in the older rocks. 

Lithologic Similarity. — Many times attempts have been made 
to correlate or classify rocks in a region according to their color, 
texture, or mineral composition. Such means of correlating 
do not hold good under all conditions. 

Mistakes are sometimes made by correlating beds which in 
reality may be some distance apart. If one sandstone or lime- 
stone, for another which belongs 100 ft. lower — one can easily 
make mistakes. The only sure test of working out any structure 
is to "walkout'' the beds; that is, follow one known bed in all its 
rising and falling. In some places such procedure cannot be 
followed, in others it is not necessary as the structure can be 
clearly seen. 

A sandstone of Cretaceous age may look exactly like one of 
Miocene age in color and in texture. Sands of both ages often 
appear identical. However, in some cases, where marked dis- 
similarity appears over a district, certain formations may be 
readily correlated. 

If a thick red shale occurs in a region it may extend over 
several hundred square miles and act as a horizon marker. 



38 PRACTICAL OIL GEOLOGY 

Conglomerates, due to terrestrial or near-shore conditions, 
are not reliable markers as they may die out within 1 or 2 miles. 

Some sandstones are very persistent. They mark old beach 
conditions; and often cover entire counties. Limestones are 
also very persistent horizon markers as a rule. 

It is essential to discover the peculiarities of any formation, 
for where, fossil evidence is lacking such peculiarities are often 
of value in checking up formations within the limited radius of 
2 to 3 miles. 

Fossils. — The proper correlation of beds in a broad way is 
best accomplished by the use of fossils. It has been found that 
when certain classes of fossOs occur in a stratum, the age of the 



Fig. 11. — Illustrates the use of (ossils in correlating formations. 

stratum is fixed definitely and its position above or below others , 
is determined. However, fossil evidence must be used very ' 
carefully and only by experienced workers. I 

Fossils, such as oyster shells, scallops, gasteropoda, and micro- 
scopic organisms (foraminifera and diatoms), form the chief 
basis for stratigraphic classification. 

Fossils may be of great value to the geologist and practical 
man, but it is important, however, to know the fossils that 
are characteristic of certain horizons. 

In some regions beds of known ages carry oil and all others 
may be ruled out. The ages are determined by the order of 
superpositions as explained above, and by fossil evidence. 
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Where beds are overturned as in Fig. 11, fossil evidence gives a 
clue to the true condition. The fossils in A are younger than 
those in B. Normally A would overlie B as at /. At // the 
order is reversed while at /// the order is normal again. The 
true order of the beds is then as shown at / and ///. Other 
evidence, as dips and curvatures, generally bear out such condi- 
tions, and in some cases actual folds in miniature show the 
true condition. ^ 

By means of fossils one may often correlate oil-bearing forma- 
tions many miles apart. Fig. 12 shows the application of fossil 
evidence. At / oil occurs under the beds carrying certain 
fossils, as oysters and scallops. At // the same fossils occur 



'^'^^^ Oystera X 
Beeps 




Fig. 12. — Illustrates the use of fossils in correlating formations. 



which would lead one to beUeve that the same oil strata under- 
lie the fossil beds occurring at this point. 

Oil operators from Pennsylvania note certain formations 
in California, say a sandstone, that looks very much Uke a bed 
in Pennsylvania. Immediately the operators will call the CaU- 
fornia bed the same age as the Pennsylvanian, when in reality 
there is" absolutely no connection between the two. The Cali- 
fornia oil formations are milHons of years later than the Pennsyl- 
vania oil formations. The lowest CaUfornia oil is in the topmost 
Cretaceous, and the highest Pennsylvania formations are in the 
Carboniferous system. Table VIII shows the difference between 
the Eastern and Western oil horizons. These differences are 
worked out by correlating the fossil evidence throughout the 
United States. 
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Geologic Column. — A geologiG column (see Fig. 13) is often of 
great assistance. By means of such a column one ascertains in 
advance the formations that 
must be penetrated by the 
drill, the thickness of each for- 
mation, and the depth to oil. 
These vertical sections en- 
able the contractors and 
"" drillers to choose drilling rigs, 
■ and to determine the depths, 
and the hardnese of forma- 
j^,. tions and casing points. 
j^_ Such a column is merely a 
graphic representation of the 
stratigraphy of a region. One 
column does not hold good 
over a very large area, so new 
sections must be made for 
*"" different parts of a region 
" to take into account local 
changes in thickness, and in 
a character. 

Intrusive Rocks. — It is of 
interest to study the effect of 
^eous intrusions on sedi- 
mentary beds. In the Mex- 
ican oil fields the productive 
pools are often closely asso- 
ciated with intrusions of basic 
" rocks. 

In Cahfornia diabasic dikes 

are found in the Brea Canyon 

Fio. 13.-Geologio column of California. ^^^^ ^^^^ ^^ ^^^ g^^l^ ■^^^^_ 

tain field two miles south of Santa Paula, Cal. In the San Juan 
Utah area dikes are also found. These dikes do not seem to 
have disturbed the surrounding beds appreciably nor to have 
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changed their character to any noticeable extent. For this 
reason small dikes in favorable prospective areas need not be 
considered as detrimental, and as has been discovered in Mexico 
are positively of assistance in locaUzing oil accumulations. 

Geolog;ical Names (After J. F. Kemp). — "In the advance of geol- 
ogical science the standpoints from which the strata forming the earth's 
crui^ are regarded necessarily change, and new points of view are 
established. In the last few years two have become especially promi- 
nent, and there are now two sharply contrasted positions from which to 
obtain a conception of the structure and development of the globe. 
The first is the physical, the second is the biological. 

"For example, we consider the surface of the earth as formed by 
rocks, differing in one part and another, and these different rocks or 
groups of rocks are known by different names. The names have no 
special reference to the animals found in them, but merely indicate that 
series of related strata form the surface in particular regions. 

"On the other hand, the rocks are also regarded as having been 
formed in historical sequence, and as containing the remains of organ- 
isms characteristic of the period of their formation. They illustrate the 
development of animal and vegetable life, and in this way afford 
materials for historical-biological study. In the original classification, 
the biological and historical considerations are all-important. 

"But when once the rocks are placed in their true positions in the 
scale, and are named, these considerations for many purposes no longer 
concern us. The formations are regarded simply as members in the 
physical constitution of the outer crust. 

"The International Geological Congress held in Berlin in 1885 
expressed these different points of view in two parallel and equivalent 
series of geological terms, which are tabulated below. They are now 
very generally adopted. For clearness in illustration the equivalent 
terms employed by Dana are appended. 

Biological Terms Physical Terms Dana's Terms Illustrations 

Era Group Time Paleozoic 

Period System A'ge^ Devonian 

Epoch Series Period Hamilton 

Age^ Stage ' Epoch Marcellus 

^ In making reports to the layman the term "Age" is probably the 
easiest understood. 
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"The United States Geological Survey divides as follows: Era and 
System, Period and Group, Epoch and Formation. In considering the ore 
deposits of the country, we employ only the physical terms. We 
understand, of course, the chronological positions of the systems in 
historical sequence, but it is of small moment in this connection what 
may be the form of life enclosed in them. The purely physical character 
of the rocks — whether crystalline or fragmental; whether limestone, 
sandstone, granite or schists; whether folded, faulted or undisturbed — 
are the features ,on which we lay especial stress. In all the periods the 
same sedimentary rocks are repeated, and in the hand specimens it is 
almost always impossible to distinguish those of different ages from one 
another." 

DEFINITIONS OF FORMATION AND MEMBER 

(After Snyder) 

"The systems of rocks are divided into smaller groups known as 
formations. A formation is defined as a mappable unit, that is a layer 
of rock or group of layers which extends entirely across the area. under 
consideration and has suflBcient width of outcrop to be mapped. For- 
mations may consist of single ledges or beds of rock, but commonly 
are made up of two or more closely related beds. 

The separate beds are sometimes called members. Thus, the prin- 
cipal oil sands of the main (Oklahoma) oil and gas field may be con- 
sidered as members of the Cherokee formation. The formations and 
members are usually named from the place where they are best developed 
or where they were first studied. The Pitkin limestone which out- 
crops east of Muskogee and Ft. Gibson is an example of a formation 
consisting of only one kind of rock. The Ft. Scott formation, known 
to the drillers as the Oswego, is usually called the Ft. Scott limestone, 
but really consists of two limestones separated by a shale. Formations 
may vary in thickness from a few feet to thousands of feet. Thus the 
Chattanooga shale in northeastern Oklahoma is not over 50 feet 
thick while the Arbuckle limestone in the Arbuckle Mountains is 
over 5,000 feet thick. Formations names are a great convenience 
since they provide a means of designating certain beds of rock without 
repeating extended descriptions. They are necessarily used extensively 
in the description of the geology of any region." 

Table IV presents the Geological Eras and Their Subdivisions. 

For tables of producing oil horizons in various areas refer to Tables. 
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Table VII. — Geological Eras and Their Subdivisions 



Cenozoic 

(Recent life) 



Present 

Pleistocene 

Pliocene 

Miocene 

Oligocene 

Eocene 



Transition — Aprapahoe and Denver 

Upper Cretaceous 
Lower Cretaceous 
Jurassic 
Triassic 



Mesozoic 

(Middle Life) 



Comanche or Shastan 



Paleozoic 

(Ancient Life) 



Carboniferous 

Devonian 

Silurian 

Ordovician 

Cambrian 



Permian ^ 
Pennsylvanian 
Mississippian 



Great unconformity 

Keweenawan 

Unconformity 

Animikean 

Unconformity 

Huronian 



Proterozoic 

(EarUestLife) 



Great unconformity 

Archaean 



Archeozoic 

(Primary or Without 
Life) 



Complex 



Great granitoid series intrusive in the main 

Laurentian 
Great schist series Mona, Kibchi, Keewa- 

tin, Quinneseo. 



STRATIGRAPHICAL DISTRIBUTION OF PETRO- 
LEUM PRODUCTION TO 1913 

It is interesting to note the ages that produce the oil of Amer- 
ica. The table presented below, after Clapp (Petroleum and 
Natural Gas Resources of Canada, Vol . I) shows which ages have 
been productive. 
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Table VIII. 



Tertiary , 



Upper Cretaceous. 
Pennsylvania 



Mississippian. 



Upper Devonian 

Devonian 

Ordovician 



1,935,763,780 bbls. 

42,548,025 bbls. 

343,843,256 bbls. 

726,815,070 bbls. 

540,304,235 bbls. 

14,099,053 bbls. 

318,095,570 bbls. 



California, Gulf Coast; Foreign 
except Canada. 

Marion Co., Corsicana to Powell, 
Texas; Wyoming; Colorado. 

Electra and Henrietta, Texas; 
Oklahoma; Kansas. 

Illinois; one-half of the Appala- 
chian field. 

One-half of the Appalachian field. 

Canada. 

Lima-Indiana. 



Note. — In Oklahoma there is some question as to whether or not the 
Permian is an oil-producing horizon of importance. It is certainly an impor- 
tant gas producing horizon but the petroleum side has not been established 
definitely. The recent find at Garber, Oklahoma, is apparently Permian, 
close to the Pennsylvanian contact. The Permian produces at Petrolia 
and Wichita Fajls, Texas. 

DORSEY HAGER 



CHAPTER IV 
STRUCTURAL GEOLOGY 

OIL FIELDS ON FLANKS OF GREAT MOUNTAIN UPLIFTS 

One truth that must be emphasized is the occurrence of oil 
fields on the flanks of the great centers or Unes of uplifts. Thus 
all the American oil fields at least, and most European fields, 
occur in the folded regions contiguous to centers or Unes of 
disturbance. The centers of these uplifts generally show the 
older granitic rocks, and necessarily do not carry oil, but minor 
folds affecting the sedimentary rocks form favorable conditions' 




SkeHh sVwwln^ central relahon oF OilFitUa of 1-he UnJftd Slants Vo Cenl^rsoF UpllFK 



FiQ. 14. — ^General relation of oil fields of United States to centers of uplift. 



for accumulation. The CaUfornia fields occur both on the east 
side of the Coast range, and the west side of the Sierras Nevada. 
Again, the Utah fields, Wyoming fields, and Colorado fields occur 
on the flanks of the Rocky Mountains. The north Oklahoma and 
the Kansas fields occur on the west flank of the Ozark upUft, the 
western Illinois fields lie on the east flank of the Ozark uplift. 

The LaSalle uplift affects the central lUinois and western Indiana 
oil fields. The Cincinnati uplift controls part of Indiana, Ohio and 
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• 

Kentucky. The West Virginia and the east Pennsylvania fields 
occur on the West side of the AUeghenies. The southern Okla- 
homa oil fields center around the Arbuckle uplift. The Sabine 
uplift controls the northwestern Louisiana fields, and the Llano 
Burnett upUft in Texas controls the north Texas fields In 
Mexico the oil fields occur on the eastern flank of the Mountains. 
Fig. 14, page 45, illustrates in a general way the relationship of 
various American fields to centers of uplift. 

In discussing folding it is best to go from the simple to the 
complex. The great mountain upHfts called ge-anticlines form 
centers from which the beds dip away into great structural de- 
pressions called geo-synclines. (See Fig. 14, page 45.) The beds 
near the uplifts dip more steeply than those further away. Minor 
folds occur on these great major folds and it is in these minor 
folds that petroleum is generally found. 

The terms appUed to these great folds are ge-anticlines and 
geo-syncUnes. However, it is customary to consider the sides or 
flanks of these great folds as units and to call them monoclines. 
It is upon these great monocUnes that the minor folds are found. 
(See Fig. 15, page 47.) The dips on these monochnes are regional 
dips because the dips extend over large areas. Normal dip is the 
term often used to describe these regional dips. 

To obtain an accumulation of oil on this vast monocHne, it is 
essental to find a break in the continuity of the dip where the 
migration or travel of the oil has been checked and the oil local- 
ized. Such checks are found in minor folds on the monocUnes. 

For example where the regional dip is west, the eastern dip 
or flattening breaks the continuity of the west dip and forms a 
trap to check, or localize, the oil This 'break of the normal dip 
may be a flattening or a real change of dip in the opposite direc- 
tion generaly termed a "reversal.'' (S§e Fig. 15, page 47.) 

These changes in dip may be small or large, simple or com- 
jplex In Oklahoma, Kansas, Central Texas, IlUnois, Indiana 
and Ohio, the dips are low varying from 20 to 100 ft. per mile; 
but in California, Wyoming, Pennsylvania and West Virginia, 
the dips are more intense. (For comparisons see Fig. 19, page 51.) 
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These great monoclines may have a number of comparatively 
small folds with low reversals as in Kansas and Oklahoma, or 
may have complex and sharp folds as in Wyoming and California. 
These minor folds may be broken and compUcated by faults. 

These folds have one flank steeper than the other This steep 
flank is generally on the side nearest the center of uplift Also 
it is an established fact that the contact plane between oil and 
water extends lower in elevation on the flank of least dip. (See 
Fig. 108, page 167.) In north Oklahoma and Kansas the general 
estimate is to allow for accumulation twice as far down on the 
west flank or long slope as on the east or short slope. 

Nearly every oil field in the world occurs in close relationship 
to some earth curve or fold. Underground structure is one of 




Fig. 15. — Minor folds on general regional monocline of the Kansas-Oklahoma- 
North Central Texas type. 

the most important features of oil-field geology So much de- 
pends on favorable structure that a careful study of the various 
types of oil-field structure is necessary. Below is a classification 
that is suflScient for all practical purposes: 



1. Anticlines.. . 



2. Synclines. . . . 



f Single 

\ Compound 

f Single 



\ Compound 

3. Monoclines. . . . Minor monoclines 

4. Combinations of 1, 2 and 3 

5. Terraces 



Symmetrical 

Asymmetrical 

Overturned 

Symmetrical 

Asymmetrical 

Overturned 
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6. Domea. 

(a) Anticlinal 

(b) SaUne I 

(c) Volcanic 

T. Faulted forms of any of the above folds 
.8. Stratigraphic forms — lenses, fracture planes. 

The cause of folding is problematic. It is thought to be the re- 
sult of the contraction of the earth's surface due to internal cooling. 
In places the crust of the earth is forced by lateral pressure into 
arches, and into sags or basins. 
The results of such folding are 
structures called anticlines, syn- 
clines, domes and monoclines. 
C^-^^X^^^ ^'^^^ Breaks or faults may affect all 
the above forms and make still 
more comphcated structures. 

Where masses of igneous rocks 
force the strata upward, folds 
verysimilartodomes areformed. ' 
Volcanic necks or plugs may thus 
lift the formations around tbetu, 
forming arched structures that 
are important factors in the 
accumulation of petroleum. 
Another form of arching such 
as the sahne domes of Texas and 
Louisiana is thought to be due to 
recrystallization of salt masses.^ Folding is near-surface phe- 
nomenon for, as is often noticed, the folds become more con- 
tracted toward the center and flatten with depth. 

DISAPPEARANCE OF FOLDS WITH DEPTH 
Folds generally decrease with depth. This subject has lately 

assumed much importance. The question of the dying out of 

folding with depth is an open one. 

Folds in some areas unquestionably disappear in the manner 

shown in Fig. 16. 
•An open and much discussed question. 




FlQ^ 16. — This illustrates dying 
of folding with depth. Note 
in size of lower folding. 



STRUCTURAL GEOLOGY 



49 




Fig. 17. — Here is shown the possibility of 
upper folding coinciding with earlier folding. 
In this case folds may incrdlise with depth. 



Such disappearance can be progressively observed in California 
and iir Wyoming. At a certain depth not yet clearly ascertained 
the fold dies out completely. Certainly within depths of the drill, 
i say 5000 feet, the folds decrease markedly in size. The width 
and breadth of the anti- 
clinal fold decreases with 
depth, within certain 
ranges the dips may be- 
come apparently steeper 
and then die out. 

It has been stated tfcat 
folding increases with 
depth. This is true in 
some, cases. The inten- 
sity of the dips may in- 
crease with depth then 
die out completely, but 
the magnitude or size of the fold grows less. 

Where, however, there has been earlier folding and the later 
folding follows the Une of weakness caused by the earlier folding, 
conditions much Uke those in Fig. 17 occur, and here it may 
be possible for the magnitude of the older fold to be greater 
than the later fold, though the lower fold will also die out with 
greater depth. 

NAMES OF PARTS OF FOLDS 

In Fig. 18, page 50, an elongated fold is shown in both plan 
and cross-section. The plan is shown by contour Unes. The 
cross-section shows on an exaggerated scale the condition across 
the line A-B. 

Definitions (Refer to Fig. 18) 

Apex. — The extreme top of the fold is called the apex. The apex on 
an elliptical shaped structure may be flat for some distance. 

Trough. — The low place on the fold is called the trough, or basin. 

Aans. — The axis of the fold is a longitudinal plane about which the folding 
has apparently taken place. The axis extends from the surface to the depth 
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^i which the fold dies out. In a circular dome, there would be no plane 
of foldmg, only a line at the center. 




Plane of Axis 
Fig. 18. — Names for parts of a fold. 

In plan the axis would show at the surface as a line. This line is generaUy 
marked on maps. 
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Crest. — The top of any arch cut at right angles to the axis of the fold is 
called the crest of that particular arch. There would be as many crests 
as cross-sections. Apex and crest would coincide where a cross-section 
cuts through the extreme top of the fold. A line joining the crests of various 
arches is called the "crest line," a term recently introduced by Hewett and 
Lupton, but not yet in general usage. The axis of a fold as marked on the 
surface, and the crest line would correspond in symmetrical folds, but where 
the folds are assymmetrical and erosion has taken place, the axis and the 
crest line will not correspond. This latter point is of academic interest. 
In general usage, one speaks of axis rather than crest line. 

Flank or Limh. — The sides of a fold are called the flanks or limbs. 

Height of Fold, — Height of a fold is measured from the bottom of the basin 
or trough to the top of the dome. In Fig. 18, page 60, the elevation of 
the trough is given as 600 ft., the top of the dome 1000 ft., so the height of 
the fold is 400 ft. These measurements must be taken on the same bed. 

In California, Wyoming, and other steeply folded areas, 
heights of 500 to 5000 ft. are known. 

In Oklahoma and Kansas heights of 10 to 200 ft. are known, 
but by far the larger proportion of structures show heights of 




WYOMING 
CALIFORNIA 




KANSAS- OKLAHOMA-TEXAS 

FiQ. 19. — Relative sizes of Wyoming and California folds to those of Kansas, 

Oklahoma and North Texas. 

40 to 60 ft. Fig. 19, page 51 ^ illustrates the comparative heights 
of folds. Gushing, the most productive of all Oklahoma pools, 
shows 160 ft. from the syncUne to the top of the dome. Such 
low rises usually occur in distances of half a mile to a mile. An 
East dip 160 ft. in a distance of 6 miles occurs at Onaga, in 
Pottawatomie County, Kansas. 

Closiire. — Where there is dip in all directions away from the 
top of a fold, the fold is said to close in contradistinction to the 
terrace or nose types of folds. The amount of closure is generally 
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expressed by the number of contour intervals that can be drawn 
around the fold, or by the total height of closure. The closure 
in Fig. 18, page 50, is 400 or 4 contours, intervals of 100 ft. each. 

1. Anticlines. — The distinction between anticlines and domes 
is at present loosely drawn. 

An anticline is a long, relatively narrow fold with the dips or 
slopes of its sides inclining away from a line of folding called an 
axis. Such a fold will eventually disappear due to gradual 
flattening or to faulting, and merging with other folds. When the 
fold flattens out, the ends of the fold plunge or dip along the 
line of the axis resulting in what is designated a plunging 
anticline. 

The distinction between an anticline and a dome may be 
arbitrarily set as follows. When the length of the fold is over 
three times the breadth, the structure ceases to be a dome, and 
becomes an anticline. 

An anticline takes its type name from its cross-section. Fold- 
ing is not only along a plane vertical or inclined to the horizon, 
but is also sinuous on the surface. Where folds curve sharply 
the beds on the inside of the curve are compressed; those on the 
outside are under tension. This results in localizing the oil at 
those portions of the fold which are opposite the point of greatest 
compression. 

The simple anticline has but one high place or apex. 

Anticlines undulate along the axis and form high and low 
places. 

Fig. 20, page 53, shows an anticline with four high places 
or domes along its axis, and a small cross fold. 

If two or more high places form on a long fold such high places 
are designated anticlinal domes. The low places on the anti- 
clines between such domes are called "saddles." Other names 
for anticlinal domes and saddles are "structural highs" and 
"structural lows" respectively. A fuller discussion of anticlinal 
domes is given later in this work. Two other types of domes 
are also found which will be discussed later. 

Anticlines are of many forms of types : Symmetrical anticlines 
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are those anticlines in which the inclinations or dips on both sides 
of the axis are equal. (See Fig. 21a, b and c.) 




Fig. 20. — One main anticlinal fold having minor folds upon asis. 

A^mmetricaJ or indinid anticlines occur when one of the 
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limbs or fiaaks has a greater dip tban the other. (See Fig. 

22a and b.) Asymmetrical anticlines are the most common type 

of fold. Folds are overturned when the axes of the folds fall 

over, as in Fig. 14, page 45, also as in Fig. 23 and Fig. 25. 
Isoclines belong to a peculiar type of symmetrical anticlines. 

Such folds are not very common but occasionally occur. 

Compound anticlines con- 
sist of a system of parallel 
anticlines which often cover a 
large area. The California 
and the Pennsylvania oil fields 
clearly illustrate this con- 
dition. 

2. Syncliaes. — A syncUne 
is a structure the reverse 
of an anticUne, and receives 
its name because its beds in- 
cline toward a common cen- 
tral Une. 

Syuclines are as varied as 
anticlines. Two examples of 
synclinea are shown in Figs. 
26 and 27, page 57. 

In areas where compound 
folding is found, synclines 
lie on each side of the anti- 
cline, but it should be noted 
that in areas of normal dip, 
such as- Oklahoma, Kansas, 
North Texas, one anticline 

and one syncline occur— the syncline being on the side of the 

reverse dip. 
When the basins are filled with water, oil may be found on the 

flanks of synclines. When little or no water occurs in the basin, 

oil may be found close at the bottom of the depression. (Figs. 

2e and 27, page 57.) 
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Minor Monocline. — Minor monoclines as distinct from the 
great major monoclines are of three claasea, (1) those com- 
prising the single flank of an anticline which has pro- 
ductive strata on but one side. A good example is the 
West Side monocline in the Coalinga oil field, California. 
Such folds have outcropping beds. Oil occurs in such areas 
only where the oil is cnHoio 

heavy and forms as- 
phalt or brea beds at 
the outcrop thus seal- 
ing in the remaining 
oil. 

Another type of 

minor monocline is 

due to faulting. <* 

Towsley Canyon, Los 
Angeles County, Cali- 
fornia, forms an ex- 
cellent example of 
such a monocline. 
The faulted strata 
form a trap that 
catch the oil like the 
condition shown in 
Figs. 72 and 73, 
page 105. 6 

Another type of 
monocline is called a 
nose. (See Fig, 29, page 58.) This type of fold arises out of a 
normal dip condition. Noses are very common in the Mid- 
Continent region. 

Combinations of Monoclines, Synclines, and Anticlines. — ' 
The combination of a monocline, a syncline, and an anticline into 
one structure is a very common occurrence. Such fields are well 
illustrated by the Coalinga and the Simi valley oil fields of Cal- ■ 
ifornia, where one finds barren igneous, or met^orphic measures 
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Fio. 34. — View of South Mountain anticline near Santa Paula, Calif. 
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on one side, and a series of folds in the sedimentaries trending 
away from the igneous or metamorphic rocks. Fig. 21 illus- 



FiQ. 25. — Steeple-Bliaped anticline overturned at top. 



Fia. 26. — lUuBtcates possibility of finding oil in synclinaa. 



Fio. 27. — Illustrates an asymmetrical ayncline. 

trates a monocline immediately on the flank of the igneous or 
metamorphic rocks, then a syncline and then an anticline, or a 
series of them. 
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Fio. 28. — Illustrates wells on a monocline. 




FiQ. 29. — Nose or plunging anticline common in Mid-Continent fields. 
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Fig. 31 illustrates complex folding. There are in this case 
two anticlines and three synclines. The illustration is taken 




FiQ. 32o. — Contour map of 



.. 32lh — Cross-section of a 



from the McKittrick field in California. Fig. 30, showing 
the conditions at Coalinga is a simple case, duplicated in 
other fields, but the condition at McKittrick is most unusual. 
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Terraces. — Terrace structure is practically that of an uncom- 
pleted or arrested anticline. Further folding would develop a 
closed structure. A flat terrace is shown in Fig. 32a by contour 
lines, and in Fig. 326 by a cross-section. 

A terrace may be favorable for oil accumulation in shallow 
regions where water pressures are low, but tests in Oklahoma 
and Kansas under favorable conditioflis show that sands on 
terraces when found at depths over 2000 ft. have proven small 
producers. In Texas, surface terraces have proven productive to 
depths of 3400 ft. An unconformity complicates the structural 
conditions in Texas, so while the surface folding is of terrace 
type the underground folding is of the dome type. 

Domes. — ^A dome or quaquaversal is a structure in which the 
strata dip from a central point rather than from an axis or line. 
Domes are circular or elliptical, domes are divided into three main 
classes: (a) Anticlinal domes, (6) volcanic domes, and (c) saline 
domes. 

Anticlinal Domes. — ^Anticlinal domes are those high points 
or crests along the top of undulating anticlines. Such forms of 
domes are very common in California, Oklahoma, Wyoming, 
Pennsylvania, and throughout the oil fields of India. In many 
places one main anticlinal fold may continue for 10 to 60 miles 
and undulate along its course, forming many anticlinal domes or 
quaquaversals that localize the accumulation of oil. (See Fig. 
33a.) In some cases anticlines intersect as is shown in Fig. 336, 
and in other cases anticlines merge into one another as in Fig. 
33c. The resulting structure in each case is generally an anti- 
clinal dome. 

Where such a quaquaversal structure stands alone it is simply 
called a dome. A knowledge of these domes is essential to intel- 
ligent prospecting as they make oil territory "spotted." Real- 
ization of this condition will save a great deal of money to oil 
operators who appreciate the value of structural geology. 

As shown in Fig. 33, Chapter V, the dips indicated by the 
little darts form an elliptical structure. The plunges of the anti- 
cline are shown by the arrows on its axis. The plunges along the 
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axes of the anticline are generally less than the dips away from 
the axes. Where the plunges are equal to the dips, the domes 
are circular. 






Fig. 33. — Illustrates by contours various forms of doming on anticlines, 
a, domes on major anticline; 6, dome formed by two cross anticlines; c, dome 
formed by merging anticline. 

Importance op Domes in Relation to Petroleum. — Dome 
structure is the most favorable for the accumulation of petroleum, 
as the oil rises from a large area to the apex of the dome. The 
concentration of the oil must necessarily be localized as the 
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tendency of the petroleum, where the oil strata are saturated 
with water, is to rise to the top of the dome, just as in an anti- 
cline the oil rises to an axis. As a result of doming, however, 
the oil is concentrated into a large reservoir around a central 
point instead of being concentrated along the line of the anticlinal 
axis. 

Volcanic Domes.— Volcanic domes are those formed by the 
intrusion of volcanic matter into and through sedimentaries to 
form structures like that shown in Fig. 34. The formations 



FiQ. 34. — Illustrates ooourrance ot oil around volcanic neck in Moidco. 



around the cores or necks are bent upward forming domes that 
act as reservoirs for the accumulation of petroleum. The pres- 
ence of igneous rocks is by no means to be considered as detri- ' 
mental to the presence of petroleum where such rocks are in- I 
trusives. These volcanic necks are found particularly in the 
Mexican oil fields. 

Saline Doues. — Saline domes have cores of salt at their 
centers. It is thought by some that underground waters brought 
great quantities of salt upward through a fault or fissure, and the 
re crystallization of the salt resulted in so great an expansion that ' 
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the Upward bowing of the formations overlying the salt beds 
formed domes, (See Fig, 35.) Another theory is that the 
salt core is but part of a deep lying salt stratum, which has 
been sharply folded and faulted, and the salt bed encountered in 
drilling into the heart of the dome is that part of the bed which 
has been forced up along the fault plane. Such saline domes are 
common in Texas and Louisiana. 

Faulted Forms. — Faults are planes of rupture in rocks due 
to the slipping or sinking of strata upon one another caused by 
earth movements. Faults are of many kinds, but a few sketches 



I the dolomito. 

will make plain how they affect oil sands, and why a knowledge 
of them is important. Faults are closely related to folds and in 
many places are indeed but broken folds. Faults at the surface 
often change to folds underground. 

There are two main classes of faults: (1) Normal (see Fig. 36) 
and (2) Reversed (see Fig. 37). The names of the different parts 
of faults are given on the figures. 

Where a fault occurs in a field, oil deeply buried may often 
migrate along the fault plane to beds higher up and thus enable 
one to procure production at a shallower depth than expected. 
Sometimes great masses of brea or asphalt occur along fault 
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lines and extend for a number of miles. In the upper Ojai valley 
of California, and at Santa Maria, California, such is notably 
the case. 
Effect of Faulting. — The upthrow side of a fault acts like the 




Fio. 36. — A QOmiBl fault 



Fia. 37.— A reverae fault. 

higher part of an anticline and is, in consequence, the most 
favorable place on a faulted structure to drill for oil. 

In Mexico the largest oil accumulations occur along fault 
planes. Where a major fault is intersected by a minor fault 
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the greatest accumulation occurs on the upthrow side of the 
major and minor faults. 

However, where faulting is too severe, it may throw the oil 
formations very deep on the downthrow side. 



FiQ. 3S.— niustratea faulting. Note uubroken anticline. 




Fio. 40a.— Illuatratee thrust fault. 



In a normal fault, if the vertical displacement or throw is 
great, the depth to oil may be very materially affected by the 
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break. Reversed faulting is most frequent in oil-field work, and 
is due to the pushing of one series of strata over another. Re- 
versed faulting most often occurs on anticlines, and normal 
faults in synclines. 

Another classification is dip fault and strike fault. Dip faults 
are in the direction of the dip; strike faults are parallel to the 
strike of the strata. Many productive fields are cut by faults so 
that faults are common features. A few examples of faulted 
structures are shown in Figs. 38, 39, 40a and 40&, page 65. 

It must be clearly borne in mind that there are a large number 
of different forms of structures. Those presented above form 
the type folds that are important for oil men to consider. 

RELATIVE IMPORTANCE OF FOLDS AS PRODUCERS 

The relative importance of folds as oil producers may be given 
in the following order: 

1. Dome structure 

2. Terraces 

3. Plunging anticlines or Hoses 

4. Monoclines 

5. Stratigraphic forms (Lenses). 

Not all Folds are Productive in Oil Regions. — Most oil fields 
occur on folds, but there are cases where the folds themselves 
may be well pronounced and in oil bearing regions, but conditions 
are not favorable for accumulation of oil. 

Unfavorable conditions may be briefly classified as follows: 

1. Lack of sands, sandstones or Umestones favorable as 
reservoirs. Occurs in nearly all oil regions. 

2. Sand or sandstones or Umestones present but too closely 
cemented or *Hight'' to hold oil. Occur in Mid-Continent and 
Eastern fields. 

3. Porous formations with insufficient water in the sands to 
force the oil in the formations to the top of the folds. Oil in 
such cases will he on the sides of the folds midway between 
anticlinal crest and synclinal trough. Such is notably the case 
in some Kentucky and Pennsylvanian fields. 
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4. Presence of intrusives or old land masses at the center of 
the fold. An intrusive in Mexico is illustrated by Fig. 41. 
Wells Nos. 1 and 3 strike oil; well No. 2 was drilled into granitics. 

At Zeandale and at Elmdale, Kansas, the expected oil horizons 
were not found, but instead a granite was encountered, evidently 
an old island or unknown land mass. 

5. Erosional or angular unconformities may affect the accumu- 
lation of oil as shown in Figs. 42 and 43. 



FlQ. 41. FiQ. 42. 

These figiires illustrate how wells may be m 



Fig. 43. 
i-pioductive in proven fields. 



In the erosional unconformity (Fig. 42) wells Nos. 1 and 4 are 
productive; Nos. 2 and 3 are barren. Such a condition is due to 
the erosion or washing of the earlier beds before the later beds 
were deposited upon them, leaving an island-like condition. 

Angular unconformities (see Fig. 43) may result in a lack of 
production in a fold. Well No. 1 is barren; No, 2 is productive. 
Were No. 1 drilled first, the field would perhaps be abandoned. 
Were No. 2 drilled first, later developments at No. I would 
prove disastrous. Such a condition is the result of folding or 
tilting of the beds prior to the later deposition and folding. 

6. Faulting may affect accumulations, but that has been dis- 
cussed earlier. 

Estimates on. Percentage of Folds. — ^Productive. — Some idea 
may be obtained of the chances of untested folds producing 
from the history of tested folds in various oil states. 
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In Qklahoma 70 per cent, structure produces oil or gas 

In Kansas 30 per cent, structure produces oil or gas 

In Illinois 60 per cent, structure produces oil or gas 

In Kentucky 30 per cent, structure produces oil or gas 

In Wyoming 50 per cent, structure produces oil or gas 

In California 75 per cent, structure produces oil or gas 

In Texas 50 per cent, structure produces oil or gas 

In Louisiana^ 75 per cent, structure produces oil or gas. 

In Wyoming the first folds away from the mountains have not 
as yet proven productive. Twelve of these folds have been 
tested so far. 

Folds Productive in Part. — Folds not productive at one place 




^Gaa Well 
• Oil WeU 
^ Dry Hole 



FiQ. 44. — Illustrates how barren areas max occur on folds. 

often show good wells at others. This is due to sand conditions. 
Porous sands may not he as blankets over a fold, but occur par- 
tially on the structure. Fig. 44 clearly illustrates this condition. 
A well-defined structure is shown but it is productive in spots. 
^ Illinois and Louisiana structure was worked from well records. 
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Gas occurs at the top of the sands, the oil occurs lower, and water 
below the oil. 

One dry hole on such a structure would by no means condemn 
it, as the sand is not absent over the whole fold. 

Stratigbaphic Forms — Conditions Where Structure Does 

Not Govern 

Favorable Reservoirs of Much Importance. — Structure is 
undoubtedly extremely important in petroleum accumulations, 
but emphasis must also be placed on sand conditions. Without 
favorable sand conditions and sufficient material for the forma- 
tion of oil, structure is worthless. Again, in special cases oil 
may accumulate where definite geologic structure is not known, 
but favorable reservoirs have been formed in the sands, by 
changes in the sedimentation when the beds were first laid down. 




Fig. 45. — Showing how a lense may cause an oil accumulation. 

Lenses. — ^Accumulations where structures are not apparent 
occur in numerous places. The peculiar relation is well il- 
lustrated in Fig. 45. Where the normal or regional dip 
is in one direction, and a body of sand gradually pinches 
out or lenses up the dip as in Fig. 45 there is an ideal condition 
for accumulation of oil or gas. Surface indications show no 
presence of structure, but an actual test may show oil. A 
number of the Oklahoma "pools'' occur from such causes, 
notably pools in the Broken Arrow, Morris, and Okmulgee 
districts, where sand changes are very rapid. 

Again, lensing of the sand may be due to the playing out of 
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the sand in two directions, as in Fig. 46. In either case condi- 
tions favorable for accumulation occur. These sand changes 
occurred when the sand was first deposited. Similar conditions 
may be noted along any lake front or sea coast. 

Productive spots due not to the thickening of the sand, but 
resulting from porous spots in tight or closely cemented sands 
are of common occurrence. The cementation or filling of the 
pore space between the sands with siliceous or lime salts cause 
conditions of accumulation similar to those caused by lensing. 

Changes in Character of Sands. — Oil sands in themselves 
vary in thickness even in the same field. A rough sketch illus- 
trates how a sand may change. (See sand. Ay Fig. 46.) At No. 

i K & A' A' A' 




Fig. 46. — Illustrating lenticular sand conditions. 

1 there are 50 ft. of sand; at No. 2, there are 20 ft. of sand; at No. 
3 the sand has thickened again; at No. 6 the upper sand has 
changed entirely to shale. 

Sand Maps. — Wherever possible, sand maps should be con- 
structed. Such maps are explained by contours, but the contour 
lines here standing for equal thickness of sand and not structure 
contours. (See Fig. 47, page 71.) 

• Development of Lenses. — The geologist can be of material 
assistance in aiding the operator in developing lenses. 

Suppose a well is "brought in'' and upon examination a normal 
dip condition is found, no structure in other words, then the 
geologist has the following basis for guidance. 

"WJhere surface beds show lack of folding, then lensing and 
spotted conditions are the most probable explanations, though 
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unconformities or hidden faults may complicate matters. The 
history of the oil fields, if in an old producing area, will serve to 
guide the engineer as to whether or not lensing is probable. 

The history of some pools show the average direction of the 
productive trend of lenses and spots to be parallel to the old 
shore lines; in Oklahoma and Kansas this is in a northeasterly 
direction. 

Lenses and ''spots'' may change very rapidly so it is advisable 
to keep the wells close together, and develop the "pool" by 




Fig. 47. — Contours indicate thickness of sands. 

starting the new tests in close proximity to the producing wells, 
thus avoiding superfluous "dry" holes. 

The presence of water below the oil, or gas above it, in the 
same sand, the dip of the surface rocks, and the thicknesses of the 
gas, the oil, and the water impregnated portions of the sand, aid in 
approximating the"up-dip" or the "down-dip" limits of the pool. 

The gravity of the oil, if higher than in nearby pools, would 
suggest a relatively small pool of migratory oil. 



. CHAPTER V 

PROSPECTING AND MAPPING 

In searching for petroleum fields, bear in mind the following 
points: 

1. Oil occurs in sedimentary rocks of marine, estuarine and 
deltaic origin, i.e., beds formed along sea shores, in inland bays, 
and at river mouths. 

2. Igneous rocks do not contain oil. Several exceptions 
to this rule may be cited, but, wherever investigated, the oil was 
found in conjunction with sedimentaries. 

3. Oil is associated with some form of a folded or arched 
structure. (Anticlines, monoclines, terraces, and domes are 
favorable structures for the accumulation of oil. Synclines in 
some cases contain oil.) 

4. Petroleum seepages, burner-out shales, oil-stained sands 
and shales, "gas burns," natural gas bubbles on water, and 
asphalt or brea beds are all indicators of petroliferous regions. 

By bearing the above points in mind, one can enter a new 
field and quickly determine whether or not it is favorable for oil. 

One first concentrates attention on the sedimentary strata. 
If igneous formations are known, eliminate such regions from 
consideration except where volcanic necks or plugs lift the 
formations to form favorable structures for the accumulation 
of oil, as occur in Mexico and probably Texas. 

If possible, determine whether or not the oil formations are 
of marine, estuarine, or deltaic origin. Recent lake beds and 
marshes do not carry oil enough to form commercial deposits. 
Sandstones, sands, shales, and coarse dolomitic limestones 
should be sought as favorable reservoirs for oil. 
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Next look for structural conditions favorable to the accu- 
mulation of oil. Such structures are generally folded or faulted 
with sufficient inclination to the strata to allow oil to rise above 
the water and accumulate at the top of the structures. Any of 
the favorable types of structure shown in Chapter IV afford 
places for the accumulation of petroleum. 

In some regions, notably east Texas and western Louisiana, 
structural conditions are difficult to determine, due to the flat- 
ness of the beds and the effect of erosion, which has made the 
topography nearly flat. 

Oil signs such as seepages, brea beds, and "gas shows'* may 
or may not occur in a region that contains oil in commercial 
quantities. If the oil-bearing formations are thickly covered with 
alluviimi or other non-productive beds, oil may not appear at 
the surface though the underlying structure may be favorable 
to the accumulation of oil. One may, however, find oil in springs, 
or staining the small streams that cut through oil sands. 
Oil-stained rock and "gas shows" are favorablie signs. 

Light gravity oils do not form heavy asphalt beds, as the 
constituents are readily washed away by water. 

The best places to look for evidences of oil are in the beds of 
gulUes and caiions, and on the steep erosion-scarps or cliffs 
that occur in many regions. Old mines and water wells are all 
good places to search for oil and gas indications, especially where 
oil rises on top the water. 

Cautions. — Investigators have many times been called to 
regions where iron and manganese oxides, black alkali, or 
vegetable stain was thought to be oil. Sometimes gas escaping 
from springs gives clues to petroleum. Be sure, however, 
that the gas will burn as many non-hydrocarbon gases, such 
as sulphur dioxide and carbon dioxide, are non-combustible. 
Marsh gas from old lake beds has many times been considered 
a good sign of petroleum and ledv to oil excitement, but marsh 
gas occurs m many regions where petroleum does not exist. 

Sometimes oil sands are almost white, due to sulphur stains, 
and one would scarcely suspect them to contain petroleum. Dig 
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into such beds a few inches and chocolate, greenish, brown or 
black-colored oil sand may appear. 
An interesting and valuable test for oil is given below: 

TEST FOR OIL IN ROCKS 

(After E. G. Woodruff) 

1. Select a representative specimen of rock to be tested. To secure a 
representative sample, it is generally advisable to secure several 
samples as large as one to five pounds. 

2. Break them up, thoroughly mix the pieces. If sand, mix the sand. 

3. Dry the sample in the sun or over a radiator. Do not dry it over 
a fire; to do so may drive the oil from the rock or sand. 

4. Crush the sample to a powder. Mix the powder. Loose sand does 
not need to be crushed. 

5. Place about a tablespoonful of the sample in a bottle. Pour chloro- 
form or carbon-tetra-chloride over the sample until it is thoroughly 
saturated and there is about a half tablespoonful of the liquid above 

the crushed rock or sand. Cork the bottle, but not too tightly. 
Shake occasionally for fifteen or twenty minutes. 

6. Place a white filter paper in a glass funnel with a white enamel dish 
below the funnel. 

7. Pour the contents of the bottle into the funnel. After the liquid has 
filtered through, place the white dish in a window where the liquid can 
evaporate. 

8. Examine the filter paper. If the rock contains more than a trace, 
there will be a brown or black ring on the filter paper. 

9. After the liquid in the dish has evaporated, examine the remaining 
substance. It is the petroleum which was in the rock. 
Apparatus needed: 

One dinner plate upon which to dry specimens. 

Some means for crushing rock. 

One or more bottles, 4 or 6 oz. size (with corks) in which to treat 

the rock. 
Chloroform or carbon-tetra-chloride. 
One glass funnel three or four inches in diameter. 
Two dozen round filter papers, six inches in diameter. 
Two or more white dishes, the small serving dishes, such as are 

used at hotels, are good; they can be purchased at a ten-cent 

store. 

After the investigator is fully satisfied that a region is worth 
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investigating carefully, the hard work begins. Detailed struc- 
ture is mapped and a study made as to the various types and 
forms of structure. A geological map is constructed and detailed 
cross-sections worked out. In making such a map and cross- 
sections, one resorts to the methods and symbols shown in this 
chapter under "Mapping.*' Such work carefully done enables 
one to determine the following points: 

1. The places worth testing with a drill, i.e., the anticlines, 
monocUnes, or domes. 

2. The presence of faults, syncUnes, and intrusives that 
may adversely affect the accumulation of petroleum. As noted 
before, faults, syncUnes and intrusives do not necessarily ad- 
versely affect a field, but they sometimes do. 

3. The relative ages, thicknesses, and character of the forma- 
tions of the district. Such information is very valuable when 
extensions of an oil field are considered. Oil found at certain 
horizons in one district does not necessarily occur at the same 
horizon in other districts, although it often does. 

4. Length and breadth of the field. 

5. The accessibiUty of the region, road conditions, fuel supply, 
water, and ease of securing suppUes are also factors that must 
be seriously considered before actual drilUng commences. Some 
districts are geologically favorable for oil, but when haulage of 
drilUng materials costs $20 to $30 per ton it will not pay to 
prospect with a drill. 

Prospecting by means of crooked sticks, magnetic instru- 
ments, and electrical contrivances is sometimes employed. 
Where the examining man is an expert oil man, he may determine 
favorable oil territory despite his instruments, but generally such 
men are "fakers,'' pure and simple. 

Before actually starting drilUng in a new country, spend some 
time prospecting. More money can often be saved by a few days 
spent in faithful prospecting than by spending $50,000 to put 
down a driU hole. 

The appended table taken from Cunningham Craig's "Oil 
Finding" may be of service. 



76 PRACTICAL OIL GEOLOGY 

Table IX. — Favorable and Unfavorable Indications op Oils 



Favorable 


Unfavorable 


Always 


Usually 


Sometimes 


Usually 


Always 


Shows of oil 


Shows of 


Shows of oil 




Light shows of 


with strong gas 


filtered oil 


with very 




oil in thick 


in thin porous 


with gas. 


little gas. 




porous beds 


beds along im- 








with water 


pervious strata 


Evidence of 
estuarine o r 
deltaic condi- 
tions. 


Beds of gyp- 
sum or rock 
salt. 


Evidence o f 
entirely ma- 
rine condi- 
tions. 


or brine. 




Shows of gas 
below or in a 
thick argilla- 
ceous series. 

Shows of par- 
tially inspis- 
sated oil near 
the surface. 


• 


Brine. 

• 

Shows of par- 
tially in- 
spissated oil 
deep down. 


Water-sands 
below a 
thick argil- 
laceous ser- 
ies. 






Lignites or 


Sulphuretted 


Hot water 






coal, fossil 


hydrogen 


with neither 






resin, s u 1 - 


accompa- 


oil nor gas. 






phur or sul- 


nied by 








phuretted 


hot water. 








hydrogen. 








Gas in slightly 




Gas shows 






porous strata 




accompan- 






with pressure 




ied by water 






increasing 




in porous 






downward. 




beds among 
impervious 








« 


beds. 


/ 




Ozokerite or 






t 




iiianjak veins. 









PROSPECTING AND MAPPING 77 

t 

MAPPING 

Before proceeding further with a detailed description of oil-field 
structure it is well to study the graphic representation of typical 
structures by means of topographic and of geologic symbols. 
The Unites States Geological Survey has made excellent geo- 
logical maps of most of the American oil fields, and for that 
reason oil men should learn to interpret the maps to best 
advantage. 

Topography. — Topography is the description of the earth's sur- 
face and the study of the surface forms, such as hills, valleys, and 
drainage. Fig. 48, page 78, illustrates a method of expressing sur- 
face features by a topographic map. The hills are shown by means 
of contour lines, which are lines connecting points of equal eleva- 
tions above mean sea level, the lines being drawn at regular verti- 
cal intervals. The numbering on the lines indicates the heights 
above mean sea level. 

A skilled reading of topographic sheets often enables one to 
point out anticlines, synclines, and faults without even knowing 
the district. It is more important for the oil man to study 
sedimentary topography than to study igneous topography. 
The following brief summary may be of value: 

Granitic and volcanic rocks give a rugged broken surface. 
Shales and soft sandstones erode to form rounded hills and wide 
valleys. Hard sandstone, limestone, and conglomerates form 
steep-faced hills and escarpments when the dips are moderate; 
when the beds dip steeply, erosion will in time wear down the soft 
shales and sandstones to a bed of limestone or sandstone that will 
not readily wear away. In such cases where the beds have been 
folded the limestone may occur higher in the hills than in the 
valleys, a case where a "topographic high" is a "structural 
high." 

Hard beds erode slowly and soft ones rapidly, giving a short 
bench-like form to the hills, where ^hard beds are present. Ter- 
races of this kind are very common. By watching such terraces 
one can trace beds over considerable distances, even though rock 
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exposures are not clearly visible or are covered with vegetation. 
Hills capped with hard limestone or sandstone beds often reflect 
th« dips very accurately, so that one can see the slope with the 
eye. 

Drainage. — In studying probable prospective territory it is 
often of service to study the drainage lines. The main streams in 




Fig. 48. — Ideal sketch and corresponding contour map. (After U. S. G. S.) 



many regions cut across the major folds, and the smaller and 
secondary streams, follow the major structure, such as synclines, 
anticlines and faults. In some places the main stream follows 
the synclines and crosses the main anticlinal folds at the saddles 
or low places on the anticline. High divides often point to 
anticlinal conditions. No rule can be stated, however, to cover 
all regions, so each region must be considered as a distinct 
topographic unit. 

Underground structure is generally reflected by the surface. 
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This truth must not be forgotten. Hills and mountains often 
reflect underground conditions so that wherever hills occur 
one naturally looks for some sort of structural change, although 
this is not generally the case. 

Valleys are many times syncUnal. Also the crests of many 
anticUnes have been eroded or washed out to form valleys, and 
the apices or tops of domes are eroded in the same way. In such 
cases, while the flanks of the anticUnes may be high hills, the 
centers are cut by valleys. Faults may also cause valleys by 
leaving depressions, or subjecting parts of the structures to more 
rapid erosion than other parts. 

Dip Slopes. — The dips of the beds in Kansas, Oklahoma, and 
the Pennsylvania area of Texas are generally reflected in the 
table-Uke tops of the hills which are capped with sandstones or 
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FiQ. 49. — Shows older beds exposed in syncline. 



limestones, that accurately deUneate the dip of the beds. This 
fact has proven of such great value to the geologist that it has 
enabled him to work areas in several days time, that would 
otherwise require several weeks. 

Erosion Features. — Erosion in syncUnes may be deeper than 
in anticUnes, thus exposing older beds. This may lead to confu- 
sion as one naturally expects to find a domed condition where the 
oldest beds are exposed; Fig. 49 shows this condition. The beds 
at 2 are older than at 1. This is often the case in Umestone dis- 
tricts, as there is greater solution action on the Umestone, due to 
the more plentiful supply of water in the syncUnes. In CaU- 
fornia, Wyoming and southeastern Oklahoma, in fact, wherever 
the folding is intense, the occurrence of the older beds generally 
spells a domed condition, but such is not true by any means in 
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Kansas, Northern Oklahoma and North Central Texas where the I 
dips are very gentle. 

Fig. 50 illustrates a topographic condition that is found in { 
Oklahoma at Glenn Pool, the New York Pool, and several other I 
places. The dip to the East may be called practically fiat. In 



FiQ, 50. — Shows topography of a 



Fio. 51. — Erosion on mde of dome. 



Fid. 52. — Erosioa has bared the limeatone capping the told. 

such cases one often finds a high escarpment to the west of the 
field with low hills or a fiat bottom to the east. 

Another freak of erosion is to find a "structural high" 
eroded on one side as shown in Fig. 51. Such occurrences are not 
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rare by any means. A good example is the big dome in the north 
end of the Gushing oil field of Oklahoma. 

In Fig. 52, the bed exposed at the top of the structure is a 
Umestone. In this case the upper beds that once covered the fold 
have been worn away to the heavy Umestone which was in time 
eroded, leaving a high surface elevation whicb is also a structural 
"high," i.e., a dome or anticUne. Such conditions are common 
in Kansas, Oklahoma, and Central Texas where Umestones or 
close-grained sandstones are often found capping the structures. 

Vegetation. — It is interesting to note that in some localities the 
wild vegetation varies with the rock below the soil. Thus 
limestones give grassy slopes on top the beds, and steep barren 
faces; sandstones grow scrub oaks. Again shales give slopes 
which often carry Uttle or no vegetation upon them. Pure shale 
is too compact for rank vegetation. 

Structure Contours. — Contour Unes such as are used in expres- 
sing topography are also employed in expressing the geologic 
structure of a region or in mapping a fold. The contour Unes in 
such cases do not, however, show the true topography of the sur- 
face, but the ideal shape of the structure before erosion took 
place. 

Structure contours are of three kinds : '. 

1. Those made from surface exposures only; especially valuable 
in "wildcat territory. 

2. Those made from weU records. 

3. Those made by combining surface exposures and well records. 
In all cases the method of mapping is very similar. A key 

bed, characteristic at the surface or underground, is chosen as a 
starting point. The beds above or below this key bed are accu- 
rately measured and the intervals between the beds noted. The 
elevations of the beds above sea level are obtained by measure- 
ments with the aneroid barometer, spirit level, or aUdade and 
plane table. 

The key bed at the surface is followed along the outcrop, and 
elevations obtained upon it. When the key bed is buried or 
hidden some other bed above or below the key bed is followed. 

6 
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In the final checking and map making, the beds are all referred 
back to the key bed by adding or subtracting the intervals 
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Fig. 63o. — 'Sketch map showing numbered elevations on the same outcropping 

stratum at different points. 




Fig. 536. — Same map as Fig. 53o with structure contour lines connecting 
points of equal elevation thus outlining an elongated dome. 



Surface 




Fig. 63c. — ^Lengthwise section of structure shown in Fig. 636. 

(After J. H. Gardner.) 

between them. Intervals below the key bed must be added 
and intervals above the key bed must be substracted. 

Fig. 53a, &, and c show the development of a contour map. 
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The elevations are marked on Fig. 53a, the contours are drawn on 
Fig. 536 and a cross-section, much exaggerated in vertical scale, 
is shown in Fig. 53c. 




"^la. S4. — Aa ideal anticline ii 
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Where the bed selected is underground, contours are made from 
drill records. Figs. 54, page 83, 55 and 56 also show representation 




Fig. 65. — Anticline, syncline, and monocline. 

of an anticline, a syncline, monocline, and a combination of the 
above three, all by contour Unes. 

Such contour mapping is an ideal system for accurately map- 
ping regions of low dips as in Pennsylvania and Oklahoma. 




Fig. 56. — Contour map of faulted anticline. (After U. S. G. S.) 

There are places, however, where the underground structure 
differs materially from surface structure. Where hidden non- 
conformities or faults compUcate underground structure, they 
often show on the contours. (See Fig. 56.) 
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Convergence. — If as in Fig. 57 the interval or distance between 
two beds A and B gradually diminishes, the beds are said to con- 
verge. This is due to unconformity, to overlap, or to thickening 
or thinning of the beds below the key bed. 

The best example in the Mid-Continent field is the difference » 
in interval between the Oswego limestone and the Bartlesville 
sand. In the Nowata field the interval is 400 ft. At Glenn 
Pool 50 miles south the interval is 600 ft.; a difference of 200 
ft. The average rate of thinning to the north is 4 ft. per mile. 

Convergence may cause surface folding to differ from under- 
ground folding, though where the surface dips on local folds 
are 80 to 100 ft. per mile, and the convergence but 5 to 10 ft. 
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Fig. 57. — Convergence 10 feet per mile in 30 miles. 



per mile, the underground structure will be only slightly in- 
fluenced by convergence; and for all practical purposes con- 
vergence can be neglected. 

The construction of a convergence sheet and its application is 
explained below. The text is taken from Bulletin 318, United 
States Geological Survey, by W. T. Griswold and M. J. Munn. 

Construction of Maps. — The work of making a map of a par- 
ticular stratum lying at a considerable depth below the surface 
consists of three distinct steps — flrst, careful contour mapping of 
some prominent surface beds, called the "key horizon;" second, 
the more difficult task of ascertaining the distance between this 
key hoiizon and the producing oil sand below and the amount and 
direction of the variation in this distance; third, the application of 
a correction to the surface mapping equal to this convergence, so 
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that lines drawn on this map connecting points of equal elevation 
above the sea (contour lines) will show the true shape of the sur-i 
face of the oil sand. 

Structural Map of the Key Horizon. — On the completion of the 
field work, as previously described, the geologist had a topo- 
graphic map of the area on which the horizontal location and the 
elevation of the outcrops of different marking strata are shown 
at hundreds of points. (See Fig. 58a.) By a comparison of these 
outcrops, the intervals between different marking beds were 
obtained. One bed was selected as the key horizon, usually that 
outcropping over the greatest area. By adding to or subtracting 
from the elevation of outcrops of other known beds the distance 
they have been found to be below or above the key horizon, the 
elevation of that stratum was obtained at a great many points. 
By drawing lines connecting the points of equal elevation, a con- 
tour map of the key horizon was produced. 

Convergence Map. — A knowledge of the variation in distance 
between the key horizon and the oil sand was gained from the 
records of wells in different parts of the area, and without these 
records it would be impossible to make any illustration that would 
show the form and position of the sand, unless it were exactly 
parallel with the key horizon. 

To make use of the well records and construct an actual map 
of the oil-bearing sand, the following method was employed : On 
the map of the structure of the key horizon were plotted all the 
wells drilled within the area. As the elevation of the mouth of 
each of these wells had been determined, the position of the key 
stratum with reference to the mouth of the well was obtained 
directly from the map, and with this information the distance 
from the key stratum to the oil-bearing sand at this point was 
obtained from the record of the well. 

By making this computation for each well of which a reliable 
record could be obtained, the distance from the key horizon to 
the oil-bearing stratum was obtained in different parts of the 
area. Generally this distance is not the same at different wells, 
but decreases in one direction or the other. 
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Fio. 58&. — Convergence sheet of Fig. 58a shows distance from Pittsburgh 
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Fig. 59. — Contour lines drawn on oil horizon, which in this case is the 

Berea oil sand. 
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The correction for the convergence between the key horizon 
and the oil sand is applied by means of a mechanical drawing 
called a " convergence sheet.'' (See Fig. 586.) This drawing was 
made on tracing cloth by connecting the location of the oil wells 
from which reliable records had been obtained by straight Unes. 
The lines were then divided proportionately to the amount of 
convergence found between the two wells, so that each division 
on the lines would represent the increased distance of 10 ft. 
between the key stratum and the oil-bearing sand. 

After all the Unes connecting the different wells had been thus 
divided, the points that show an equal distance from the key 
stratum to the oil sand were connected, and a drawing was built 
up that, when placed over the map on which the elevation of the 
key stratum was noted at many different places, showed directly 
what distance should be subtracted from each elevation of the 
key stratima to make it equivalent to the elevation of the oil 
sand at that point. 

The regularity and uniformity of this mechanical drawing 
shows whether it is possible, or not, to make a map of the oil sand 
that will be of any practical value. If the distance between 
the 10-ft. lines, which are called isochor (equal space) Unes, is 
regular and the decrease is uniformly in one direction, a map of 
the lower sands can be made practically correct If, however, the 
distance from the key horizon to the sand decreases first in one 
direction and then in another, the lines on the convergence sheet 
wUl run in circles and show that there is little use in trying to 
interpret the structure of the sand from a map of the surface 
structure. It can hardly be hoped that the wells used have been 
located at the exact point of the greatest distance between the 
two strata. In all probability the resulting convergence is in- 
correct over Umited areas. 

The amount of convergence per mile is another condition to 
be considered. If it amounts to 50 or 60 ft. to the mile, there is 
little probability that the resulting map of the sand will be 
correct within a limit of 20 to 30 ft. If, however, the con- 
vergence is only 10 or 20 ft. to the mile, the resulting map 
should be of the same degree of accuracy as the surface structure. 
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In making maps of subsurface strata in areas that have not 
been productive, most of the records used for making a conver- 
gence sheet must be taken from *' wild-cat" wells. In certain 
cases it is difficult to procure the records of such wells, and often 
the best that can be obtained is the depth, from memory, at 
which the sand was found. Here is a source of serious error, for 
a mistake in this distance may make the resulting map incorrect 
for a considerable distance about the well. 

In making a subsurface map, full knowledge should be had of 
the well records used for constructing the convergence sheet, and 
if any reliable records have been thrown out whose distances 
would change the convergence sheet, the reason for discarding 
them should be given. In selecting the records for the construc- 
tion of a convergence sheet it is desirable to consider wells from 
which a good record is obtainable, and those that are located 
near the outcrop of an easily recognized surface stratum. 

Map of Oil Sand. — With the convergence sheet completed, the 
operation of making a contour map of the oil sand is very simple. 
The tracing is placed over the map on which are noted the eleva- 
tions of the key horizon. From each of these elevations the 
amount shown by the convergence sheet was subtracted. This 
gave the elevation of a point on the oil sand. By connecting 
the points of equal elevations by lines, a contour map of the oil- 
bearing sand was made. (See Fig. 59.) 

CONTOUR MAPS OF OIL FIELDS 

The three oU fields shown, notably the Gushing oil field of Okla- 
homa (see Fig. 60, page 91), the Salt Creek oil field of Wyoming 
(see Fig. 61, page 92), and the Irvine oil field of Kentucky (see 
Fig. 62, page 93), are presented to show how closely geological 
structure and oil accumulations correspond under ideal conditions. 

The Gushing oil pool is contoured by using a 10-ft. contour 
interval as the dips are low. 

The Salt Greek field mapping is based on 100-ft. contour 
interval due to the 'steep dips of that area. 

The Irvine pool is contoured using a 25-ft. interval. 

A study of these structural maps of producing areas is very 
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interesting and instructive. These maps were made from both 
surface exposures and well records, and besides being interesting 
geologically, each shows a field of first importance in their re- 
spective areas. 




Fig. 61. — Contour map of Salt Creek Dome, Salt Creek, Wyo. Note 100 ft. 
contour intervals. (After Wyoming Geological Survey.) 

Models. — Miniature models like those used by architects in 
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depicting large buildings are coming into use to illustrate under- 
ground conditions. Models have also been employed in mining 
work for some years but their use in oil fields has not become 
general. 




Fig. 62. — Contour map of Irvine pool, Estill County, Kentucky. Note 25 ft. 

contour interval. (After U. S. G. S.) 

The employment of models is simply a graphic method which 
simplifies explanations to the layman, and enables the practical 
operator to see conditions at a glance. In using this method, 
miniature representations of the surface and of the oil and of the 
water sands are constructed of paper, of wood, or of wire and 
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sometimes enclosed in glass cases. Such models take consider- 
able time to make, and require considerable cost but are excellent 
for class-room studies, for illustrating legal phases of oil-field 
practice, and for use in explaining properties to stockholders, 
directors, and prospective investors. 

Stereograms. — Stereograms are graphic models of structure 
and are sometimes used to explain underground conditions. 
(See Fig. 63 and also Fig. 64.) 

Dip (See Fig. 64). — The inclinations given to the beds forming 
the earth's surface are called dips and are measured by a clino- 
meter. Dips are expressed in degrees measured from the plane 
of the horizon, such as 20°, 45°, 90°. Sometimes they are 
expressed as slopes of 17 per cent., 25 per cent., etc., which is 





















Fig. 63. — Stereogram of plunging 
anticline. 



Fig. 64. — Strike and dip. 
{After Geikie.) 



the same system as is used in railroad and street construction. 
(See Table X, page 95.) 

In Pennsylvania, Ohio, and Oklahoma, dips not exceeding 
30 ft. per mile are common. In the Pennsylvania fields 250 ft. 
per mile is considered a steep dip or slope. The gentler dips 
of the Eastern and Mid-Continent fields are in direct contrast 
to the steep dips of California. Dips of 45° to 90° are not at all 
uncommon in many California and Wyoming fields. Dip per 
100 ft. is used instead of dip per mile, as the changes in slope are 
generally very rapid and do not generally continue uniform for 
distances over 3^^ mile, and in many cases not so far. 

In reading dips the tendency is to overestimate, rather than 
"o underestimate the amount of dip. This is true because the 



PROSPECTING AND MAPPING 



95 



surface beds often weather and slide, showing exposures with 
greater dips than the true dips. The most accurate dips are those 
obtained by sighting over considerable distance, say one-fourth to 
several miles. The dips of minor folds are sometimes observed 
and mistaken for the dip of major structures. One must especi- 
ally guard against confusing such dips. 

Strike (See Fig. 64, page 94). — "A horizontal line drawn at right 
angles to the dip is called the strike of the rocks. Strike may be 



Table X. — Conversion op Per Cent. Grade to Angular 
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(After Hayes) 
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conceived as always a level line on the plane of the horizon, so 
that no matter how much the group may undulate, or the out- 
crop may vary or the dip may change, the strike will remain 
level or horizontal." The direction of strike is expressed in 
directions of the compass as N. 25 E. or S. 85 W. 

Earth Curves, — Remember that all folds are parts of earth 
curves. For this reason a dip at one point on the curve increases 
or decreases at other points. As the locus or central point of this 
curve is somewhere in the center of the fold, the dips along a 
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horizontal line will show different values for each stratum. A 
knowledge of this fact shows that dips must be used very care- 
fully to obtain accurate results. 

Plunge. — Plunge is the pitch of the whole formation along 
the strike. Thus in anticlinal domes and plunging anticlines 
there is a pitch along the strike of the anticline. This pitch 
is called the plunge to distinguish it from the dip, which is at 
right angles to the strike. Both dip and plunge are measured 
in a similar manner. (Fig. 63, page 94, illustrates a plunging 
anticline.) 

Geological Map. — ^Use of Strike and Dip Symbols. — The 
accompanying geological map and cross-sections (see Figs. 65 




Fig. 65. — Geologic map. 

and 66) illustrate the structure of a typical region. 'Symbols, a 
fault, and several formations are shown. A thorough study of 
this map and the cross-sections will enable one to comprehend 
the U. S. Geological Survey's geological maps in which strike, 
and dip symbols are employed. 

Contact lines are lines marki ng the boundary of geological 
formations of varying ages, and on maps are represented as in 
Fig. 65. Other symbols are used to suit varying conditions. 
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Fra. 66.— CrosB-sectiona along line A-A'. B-B'. C-C in Els. 



MAP SYMBOLS j 


JS- Strike and Dip 
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1 Sandstone 
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r-'i".! Isneoua Rocks 


X Se^^ge 

• Oil Well 
® Drilling Well 


^ GaeWell 

X Abandoned Well 

H Dry Hole 



Fxa. 67. — Symbols used in mapping. 
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Ck>lored maps aod cross-hatching are generally used to make 
mapping clear. The table (see Fig. 67) explains the symbols 
iised and followed in this book. 

Photography. — The employment of photographs to illustrate 
geological conditions has become an important adjunct to 
geological mapping. 



Fig. 680 shows a view of the Nowood Anticline, Wyoming. 
Note the beds dipping away from central axis. Also note the 
crest line as drawn on the photograph. 1 
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Fig. 686 illustrates an angular unconformity. As shown in 
the figure the upper beds dip at a much lower angle than the 
older underlying beds. 

Fig. 68c shows a view in the Lander district, Wyoming, in 
what is called the Little Pope Agie field. 

This photograph shows clearly the relations of the various 
formations. 

Other illustrations of the use of photography are shown by 
Fig. 8, page 35, and Figs. 23 and 24, page 56. 



CHAPTER VI 
LOCATING DRILL-HOLE SITES 

LOCATING SITES FOR TEST HOLES 

The location of drill-hole sites depends upon many factors 
which for convenience may be divided into two classes: 

(1) Those where structural features are evident; as where out- 
croppings are in evidence, and where one finds oil seepages, as- 
phaltum residues, etc. 

(2) Those where structural features are unknown; as where 
structural features are covered up, though gaseous emanations, 
oil on spring or lake waters, and other oil signs may be known. 

Where structural features are favorable for oil, one sometimes 
finds some oil signs. Where dips are known and structural 
features are outlined, locating becomes merely a question of 
judgment, governed by the following mechanical and geological 
factors: 

(1) Degree of dip of strata. (2) Thickness of overlying cover. 
(3) Deformation of strata, i.e., sudden change in dips due to: 
(a) faulting, and (6) minor folds. 

Locations Where Outcroppings are Evident. — Rule. — ^Locate 
a test well down the dip (see Fig. 69, page 102) from an oil 
seepage, or other oil sign at the outcropping of oil sand, This 
simple rule has often been disobeyed with a consequent loss of 
thousands of dollars. 

In many cases, drill holes are started above the outcrop of the 
oil sand. Negative results were thus assured from the beginning 
in the top sand, though production was sometimes obtained in 
the sand below. 

Where outcrops are not in evidence, or the desire is to drill for 
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oil measiit-^; othfir [thail {lioee- outcropping, the rule given above 
cannot be applied. In such cases, the structural features are 
carefully determined by surveys. 

When the surface axis of the anticline or other fold has been 



Fio. 69. — Shows effect of topoBraphy in choosing well sitea. 

determined, the dips of the sides or flanks must be known to 
determine the shape of the anticline and the inchnation or dip of 
the beds away from the axis. 



Fig. 70. — lUustratea locating wells on an asymmetrical anticline. 

If the anticline is symmetrical, place the test hole on the axis. 
If one flank of the anticUne is much steeper than the other, place ' 
the wells on the flank of less inclination. (See Fig. 70.) It is 
readily seen in this case that the east slope gives a wide expanse 
of comparatively shallow territory, and that the west slope gives 
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a narrow belt that rapidly becomes very deep. The under- 
ground axis of each oil sand lies further east than the axis of the 
sand above. By drilUng on the gentler slope there is less lia- 
bility of missing any oil sands than by drilUng on the west slope. 
Bear in mind in all the above cases that the apex or high point 
of the simple anticUne, or the apices of domes, are to be chosen 
in preference to the low places on the axis of the fold. In other 
words the top of the fold across the line of the axis is not alone 
a sufficiently good place on which to locate a well but the posi- 
tion along the strike must also be taken into consideration. 

It is not always best to locate the first well directly on the apex 
of the structure for in some cases such domes are unsaturated with 
oil at the apices though gas occurs there. To obtain oil locate 
further down the dip where a location is made. 

Depths of Prospect Holes. — The distance of a drill hole from an 
outcrop should be such that oil may be reached at a minimum 
depth and at least cost. 

One should not expect sensational results from a prospect hole. 
Ten to twenty barrels of Ught gravity oil (25° and over) in shallow 
territory, 500 to 1500 ft. in depth, proves that the field has com- 
mercial value, if one can gain this depth at a moderate cost. The 
depth of the hole varies with the dip and the distance from the 
outcrop. 

Where there is an added overburden of a thousand feet or 
more, as is the case in some fields, depths become much greater 
and drilling more expensive. This question, however, will be 
more fully discussed below. 

Effect of Topography on Depth to Oil. — The differences in 
thickness of beds overlying the oil formation has a distinct effect 
on depths to the oil sand, as shown in Fig. 69, page 102. A indi- 
cates the outcropping of the sand, the angle 25° shows the dip of the 
strata, and the line A-B corresponds to the horizon. Without the 
additional overburden above the Une A-B the depths would be 
influenced solely by the dip, and the distances from the out- 
cropping. The drill hole at 4 reaches the oil sands at less 
depth than 3 and at 5. Simple as these cases may seem, it is 
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by no means unusual to see wells located on hill tops when they 
would have the advantage of accessibiUty and would be shallower 
when located in caiions or ravines. It is, of course, imprudent to 
select a site in the bottom of a gully where the torrents would be 
liable to wash away the rig, but place the rig on one side of the 
ravine, where it would be out of a torrent's path. 

Erosion. — Erosion determines to a great degree the location of 
a test well. By erosion is meant the wearing down of the. earth's 
surface due to the action of rivers, rains, winds, frost, and chem- 
icals in the air. In some oil fields, deep caftons have been cut 




Fig. 71. — Shows how erosion exposes oil sands to drainage. 

through the oil formations and have resulted in draining the 
oil from the oil strata. The San Juan oil field of Utah is. supposed 
to have been drained by the San Juan river that cuts a canon 
through the anticline, exposing several oil strata. (See Fig. 71.) 
In locating wells in such a field drill down the dip from the ex- 
posed strata.^ 

Deformations. — Faults. — Under this heading fall sudden 
changes in dip due to faulting, and to minor folds. Perhaps no 
question deaUng with locating involves more complexities than 
the problems of faulting. Faults are so irregular and munerous 

^ Light gravity oils with a paraffine base may escape and leave the strata 
barren. 
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in some fields that they become important factors in choosing well 
sites. Fig. 40a, page 65, shows a thrust fault involved with 
folding. Such a sketch is valuable to the man who wants to 



know why oil is not found in certain locaUties. Wells at 1 would 

and did prove barren, while those toward the right were productive. 

Again, in Fig. 72, there is a normal fault, showing the influence 

of such a fault on the oil strata. In this case the upthrow side 



FiQ. 73. — Illufltrfttes how normal faiilling may leave barren spaces. 

of the fault on the west acts as an anticline, the downthrow 
side, as a syncline. Wells 1 and 3 obtained oil; 2 and 4 did not. 
In Fig. 73 a fault ia shown that illustrates how a drill hole 
might pass between productive oil strata and fail to strike oil 
in commercial; quantities. The shale on the hanging-wall side 
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abuts against the oil sands on the footwall side, and confines 
the oil to the sands below. 

Faults do not necessarily affect oil formations adversely, as 
shown in Figs. 38 and 39, page 65, Careful study will show 
that in many oases faults are beneficial rather than detrimental. 

Minor Folds. — Minor folds have a very decided effect in some 
regions. Fig. 74 shows a number of minor folds on the flank of 
a monocline. These folds must be taken into consideration in 
drilling. Thus wells placed at various points, as at 1, 3, and 5, 
would strike oil and gas at much less depths than the major 
slope indicates. In such cases, too, one might strike water 
sands in the lower arches as at 2, 4, and 6 and consider the field 



Fio. 74. — Sbowa lower fold aon-produotive ; folda bigber «□ si 
in quantity of oil. 

as barren. Such a conclusion would be wrong. A knowledge 
of such minor folds is of great importance in locating wells in 
all oil fields. 

Twin Anticlines. — The two anticlines shown in Fig. 75, page 107, 
are really minor crumples on one big fold. However, one is apt 
to be greatly misled by the minor crumples. By placing a well 
at 1, the lower oil sand was missed entirely, while in a well at 
2, the lower oil sand was reached at a moderate depth. The 
true apex of such a fold is at A, and the axis is inchned as shown. 
Broad flat-topped folds of this type are very deceptive. 

Disappearmg Folds. — In many cases, especially where soft 
shales, clays, sands, and gravel overlie harder beds, surface 
folds disappear at shallow depths. The wrinkles on the surface 
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die out as shown in Fig. 76. Where this is the case, do localiza- 
tion of the oil would take place at depth. Drilhng for petroleum 
is not advisable under such conditions. 

Joint Planes.^ — At Florence, Colorado, petroleum occurs along 
joint or small fault planes on a low westward dipping monochne. 
Wells drilled into the joint, planes obtain oil, but if the wells 
miss a crevice, oil is not obtained in commercial quantities. If 
two wells strike the same joint plane, one well will generally affect 
the production of the other by lowering the gas pressure, or by . 
decreasing the oil production. Locating in such cases ia very 
difficult. 



Locating Wells on Domes. — On anticlinal domes, select the 
high points or crests of the domes on which to place the wells. 
Where such domes are unsaturated with water, oil will not occur 
on the apex but around it. Such unsaturated domes occur in 
some of the Pennsylvania and the Wyoming fields. 

With volcanic necks, the wells must be started to miss the 
volcanic rocks. (See Fig. 34, page 62.) 

With saliTie domes, the oil is found overlying the salt core 
and to the side of it in many cases. However, careful work is 
necessary to determine well locations in such fields, and generally 
the only way is to drill and find out the underground condi- 
tions. It has been found that drilling in the center of these 
domes generally lands the hole in a salt core instead of an oil- 
producing formation. The best practice is to locate the test 
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holes on the slopes of the domes, several hundred feet from 
the center, thus missing the salt core. (See Fig. 35, page 63.) 

Wells under Ocesn or Lake. — It has been often asked why 
oil should be found under the ocean. At Summerland, Santa 
Barbara county, California, a good illustration is found. Fig. 
77 roughly illustrates the existing conditions. Wells are there 
located on piers extending into the ocean. In driUing, the 
ocean water is eased off, and drilUng proceeds much as on dry 
land. 

Effects of Ste^ Dips (See Fig. 78, page 109).— Steep dips in- 
crease depths rapidly. Wells placed at 1 toU strike the sand 



Fio. 77. — Illustrates oil out in ocean; demcks on piers. 

close to the surface, but at 2 and 3 will deepen rapidly. The 
productive area will here necessarily be narrow and confined to 
the crest of the anticline. 

Types of such anticlines are found in the Olinda oil fields of 
California, the Los Angeles field, the Pico anticline of Los 
Angeles county, and the Modelo anticline of Ventura county, 
California. 

In such anticlines, the apparent thickness of the oil sands is 
very great as the drill travels through the beds for a much 
greater distance than if the beds lay more nearly horizontal. 
By drilling a short distance off the axis, one may easily miss 
the productive strata. (See 4, Fig, 78, page 109.) . 
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Where steep-dipping oil-bearing formations occur uncovered 
(see Fig. 78), there is a better chance of the oil being retained 
than in strata where the dips are gentle. This is especially- 
true in arid regions where the rainfall is small. The steeper 
the dip the less the chance of catching water, as the runoff is 
large and the surface exposed small. 

Such highly compressed folds are often fractured and faulted 
along the Une of the axis so that seepages are common; and oil 
may also find more porous reservoirs there. 

Locating Wells on Terraces. — On terrace structure (see Figs. 
32a and b, page 5d), the flat part of the structure carries the 



Fio. 76. — Illustiatea locating of wells on Bteep dips, 

oil. To obtain the best results locate a weU on the flat part of 
the structure or down the long slope from the flat. 

With a terrace the axis dips with depth, so the axis of the oil 
stratum will not he immediately below the surface axis but at an 
angle to it. (See Fig. 326.) 

Locating Where Structural Features are not Evident. — We 
have so far considered locating where evidence of structural 
features are known. Where outcroppings are not in evidence 
drilling is necessarily an uncertain process. In such cases, one 
must be guided by local experience in drilUng for water, by 
abandoned oil tests, by mine^ records (if any are available) and 
any evidence of "oil sign" that can be found. Necessarily one 
must be prepared to drill to a considerable depth in such cases. 
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No estimates of probable depth to reach oil are trustworthy in 
such a case, and under such conditions a well is a gamble. 

When capital is available, several drill holes may be put down; 
if the first one proves barren, the second may succeed. Indeed 
it is not unusual to find oil in regions that have been declared 
barren by earher prospectors. 

So far, we have considered the factors involved in the location 
of oil-well sites. The next chapter will consider some of the 
factors in actual drilUng operations. 

CALCULATIONS FOR DEPTHS TO OIL SANDS 

Method 1. — ^Where Outcropping Oil Horizons are Known.— 

In Fig. 79 the elevation of the seepage above sea level is given 
as 1000 ft. and the elevation of the well site as 1425. The differ- 
ence in elevations is 1425 — 1000 = 425, or bd = E. 



Elev.lOOO' 




Fig. 79. — Method of estimating the dip of a bed. 



The horizontal distance between the two points is a6, or here 
1320 ft. 
The angle of dip, dj of the oil formation is 25°. 
The height be is desired. 
To find the total depth H, add be to E. 
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By Trigonometry: 

Formula: Tan 6 X (ab) + E =H. 
Tan 25° X 1320 = be. 

Tan 25° (obtained from a log table) = .4663. 
.4663 X 1320 = 616 (approx.) = 6c. 
ff = 616 + 425 = 1041 ft., the depth to the sand. 
Such depths are approximate as one does not always know of 
changes in thickness of formations or in dips underground. 



T^BLB XI. — Depth to a Stratum Below the Horizontal Surface 

FOR Various Distances and Dips 
(After Hayes) 



Angle 


» 




Feet 


mile 
(1320 
ft.) 


mile 
(2640 
ft.) 


3/4 
mile 
(3960 
ft.) 


1 
mile 


of dip 


100 


200 


300 


400 


500 


1000 


(5280 
ft.) 


1 


1.75 


3.60 


6.26 


7.00 


8.76 


17.5 


23.04 


46.08 


.69.12 


92.16 


2 


3.49 


6.98 


10.47 


13.96 


17.46 


34.9 


46.09 


92.18 


138.3 


184.4 


3 


5.24 


10.48 


15.72 


20.96 


26.20 


62.4 


69.18 


138.4 


207.6 


276.7 


4 


6.99 


13.98 


20.97 


27.96 


34.96 


69.9 


92.30 


184.6 


276.9 


369.2 


5 


8.76 


17.60 


26.26 


36.00 


43.76 


87.5 


116.6 


230.5 


346.5 


461.9 


6 


10.51 


21.02 


31.53 


42.04 


62.55 


106.1 


138.7 


277.4 


416.1 


666.0 


7 


12.28 


24.56 


36.84 


49.12 


61.40 


122.8 


162.1 


324.2 


486.3 


648.3 


8 


14.05 


28.10 


42.16 


56.20 


70.20 


140.6 


185.5 


371.0 


656.5 


742.0 


9 


15.84 


31.68 


47.62 


63 .36 


79.20 


168.4 


209.1 


418.2 


627.3 


836.3 


10 


17.63 


35.26 


62.89 


70.62 


88.16 


176.3 


232.8 


465.6 


698.4 


931.0 


11 


19.44 


38.88 


58.32 


77.76 


97.20 


194.4 


266.6 


613.2 


769.8 


1026.0 


12 


21.26 


42.62 


63.78 


85 .04 


106.30 


212.6 


280.6 


561.2 


841.8 


1123.0 


13 


23.09 


46.18 


69.27 


92.36 


115.46 


230.9 


304.7 


609.4 


914.1 


1219.0 


14 


24.93 


49.86 


74.79 


99.72 


124.65 


249.3 


329.1 


668.2 


987 .3 


1316.0 


15 


26.80 


63.60 


80.40 


107.20 


134.00 


268 .0 


363.7 


707.4 


1060 .0 


1416.0 


16 


28.68 


67.36 


86.04 


114.72 


143 .40 


286.8 


378.6 


757.0 


1136.0 


1614.0 


17 


30.67 


61.14 


91.71 


122.28 


152.86 


306.7 


403.6 


807.2 


1211.0 


1614.0 


18 


32.49 


64.98 


97.47 


129.96 


162.45 


324.9 


428.9 


857.8 


1287.0 


1716.0 


19 


34.43 


68.86 


103.29 


137.72 


172.15 


344.3 


464.3 


908.6 


1363.0 


1817.0 


20 


36.40 


72.80 


109 .20 


145 .60 


182 .00 


364.0 


480.4 


960.8 


1411.0 


1923 .0 


21 • 


38.39 


76.78 


115.17 


163.66 


191.95 


383.9 . 


606.7 


1012.0 


1520 .0 


2027 .0 


22 


40.40 


80.80 


121.20 


160.60 


202 .00 


404.0 


633.3 


1067 .0 


1600.9 


2133 .0 


23 


42.46 


84.90 


127.35 


169.80 


212.26 


424.6 


660.3 


1121.0 


1681.0 


2241 .0 


24 


44.62 


89.04 


133.66 


178.08 


222 .60 


446.2 


687.7 


1175.9 


1763 .0 


2351 .0 


25 


46.63 


93.26 


139.89 


186.52 


233.15 


466.3 


615.6 


1231 .0 


1847.0 


2462 .0 


26 


48.77 


97.64 


146.31 


196.08 


243 .85 


487.7 


643.7 


1287.0 


1931.0 


2575 .0 


27 


60.96 


101 .90 


162 .86 


203 .80 


264 .76 


609 .5 


672.6 


1345 .0 


2018.0 


2690 .0 


28 


63.17 


106.34 


159.61 


212.68 


266 .86 


531.7 


701.8 


1404 .0 


2106 .0 


2807 .0 


29 


55.43 


110.86 


166.29 


221.72 


277.15 


654.3 


731.7 


1463 .0 


2195.0 


2927 .0 


30 


67.74 


116.48 


173.22 


230.96 


288.70 


577.4 


762.1 


1624.0 


2286 .0 


3048 .0 
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Use of Table. — Table XI may be used in many cases to 
simplify calculations. Where the dips are given, it is a simple 
matter to use the table. In Fig. 57 the angle 6 is 25°, and the 
distance is 1320 ft. or J^ mile. From the table one finds the 
depths from the horizontal to be 615.5 ft. Add the difference in 
elevation, E, or 425 ft. to 615.5 ft.; then 615.5 + 425 = 1040.5, 
or 1041 ft., approximately. 

Method 2 (See Fig. 80). — The second method is the graphic 
method. By using cross-section paper one accurately lays out the 
surface and then the underground structure as closely as possible. 



Fio. 80.— Graphic method ot findinE depth. 

By this method one can approximately determine the depths 
to certain formations and scale them off directly. 

Where this method is employed the underground structure 
is clearly shown by the cross-sections. Accurate d^ths are only 
possible where well logs are accessible, but very good approxima- 
tions may be obtained by the graphic method. Many large oil 
companies use the graphic method of mapping their oil 
territory. 

Method 3 (See Fig. 81). — Where no oil sands are in evidence 
and the anticline is closed, the only way to determine depths is 
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by means of some definite horizon. When this horizon is 
known either through fossils or lithologic evidence as explained 




Fig. 81. — Illustrates use of geological column. 




Fig. 82. — Shows curving of axis underground. (After Craig.) 

on page 40 (Chapter III), the probable depth to* oil is ob- 
tained by comparing the relations of the known horizon to the 
other formations shown in the geological column. Suppose that 

8 
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a known horizon is found and oil should supposedly occur below 
at a certain depth, then add the depth, taken from the geological 
column, to the depth of the known horizon. By such a method, 
the depth to oil may often be approximately determined. In 
Oklahoma, Kansas, and Texas, and in the oil fields where drill 
records are available and the stratigraphy carefully studied depths 
to sands may be predicted within a few feet but in areas many 
miles away from other tests, a factor of error must be allowed, 
and estimates should allow a leeway of several hundred feet. 

Curved Axes. — In some cases the axes of anticlines show a 
tendency to overturn and to shift at the top. As shown in Fig. 
82, the axis of the fold describes a curve. Where such is the case, 
the hade or slope of the axis at the surface, represented by the 
straight line, would be misleading.' The true condition is the 
curved line. Such curved axes are often found in folds with 
sharp crests. Calculations such as the preceding may then be 
misleading. 



CHAPTER VII 
FACTORS IN OIL-WELL DRILLING 

Choosing a Rig. — When a site has been selected it is necessary 
to choose the proper kind of rig for testing. Portable rigs or 
permanent rigs may be used. If it is desired to drill a series of 
holes from 300 to 1000 ft. deep, a portable rig capable of drilling 
1200 or 1500 ft. maybe employed for thispnrpose. Such rigs (see 
Fig. 83, page 116), are capable of excellent work up to 1000 ft. 
They are admirably adapted for regions where the formations re- 
quire little or no casing to keep the drill holes in shape. However, 
when it becomes necessary to handle several "strings" of cas- 
ing, permanent rigs are much more desirable than portable. The 
portability of a rig is only one feature of rig selection and has to 
do chiefly with the convenience of moving a drilling machine. 
The system of dfilling most favorable to meet local geological 
conditions must be selected. There are three principal systems 
employed in field work: (A) Standard cable-tool system (see 
Fig. 84, page 117); (B) hydraulic rotary system (see Fig. 85, 
page 119), and (C) combination of A and B. 

The choice of one of these systems depends principally upon 
geological factors. A discussion of these factors and their effects 
upon the drilling of holes gives a key to the selection of the rig. 
As nearly all oil men are familiar with the various drilling systems, 
descriptions of the same will be passed over here. 

The standard cable-tool system is perhaps the most generally 
used and most popular system at present. An addition, or, 
rather, an improvement to this system consists in what is called 
the '^circular method.'' In this method standard cable-tools ave 
employed while water is caused to circulate through a casing as 
with the hydraulic-rotary system. 

115 
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In drilling an oil well the four chief objects in view are: fl) 
To find commercially valuable deposits; (2) to drill a favorable 
sized hole for obtaining and maintaining a good production; 



Fio. 83. — Portable drilling rig. 

3) to drill in as short a time as possible; and (4) to exclude all 
water from the oil sands. 
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Fio. 84. — Standaid cable-tool drilling rig. 
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(1) Locating has to deal with the probabilities of finding oil, 
and was discussed at length in Chapter VI. 

(2) Favorable Size Holes — (Casing). — The following dis- 
cussion of favorable sized hole applies more specifically to wells 
in new or ''wildcat" districts. After the first wells have been 
drilled, it may be and often is found that it is possible to disp)ense 
with one or more strings of casing in drilling later wells, or start 
with holes of smaller diameter. It is generally considered desira- 
ble to finish a hole with a casing, diameter not under 43^^ in., 
better sizes being 63^^ to 8}i in. To obtain a 400-ft. hole with a 
diameter of 63^ in., one would proceed as follows: To allow for 
probable water sands, trouble with the upper casing, and acci- 
dents, it is advisable to start with the top diameter of 10 in. This 
permits the use of 8j^-in. casing inside the 10 in., 63^-in. inside 
the 83^-in., and then 43^^-in. inside the 63^-in. In many cases it 
will be possible to finish a hole to this depth with one or two 
strings of casing, 10 and 83^-in. sizes. The two extra sizes, 6}i 
and 4:}i in., allow for unusual trouble. 

A standard cable-tool hole 2500 ft. to 4500 ft. in depth would be 
started with 16-in. or even 18-in. casing. This would allow a 
123-^-in. inside the 16-in., 10-in. inside the 123-^-in., 83^-in. inside 
the 10-in., 634-in. inside the 8K-in., and 43^^-in. inside the 
63-i-in. Even then, 3-in. casing might be used inside the 43^^- 
in. ' Such an unusual amount of casing is seldom used, as holes 
are generally finished with 83^^ or 63^-in. sizes when starting 
with the 16-in. hole. The casing noted above is necessary with 
the standard cable system of drilling in California. 

In Oklahoma, Kansas, Illinois, and the Eastern oil fields, drill- 
ing practice varies from this considerably. On the whole, how- 
ever, the formations are older and more consolidated, hence 
"stand up" better or do not cave so readily, though in certain of 
the Oklahoma oil fields, especially Blackwell in Kay County, and 
Healdton in Carter County, conditions approximating California 
conditions occur. Also the sand conditions are well understood. 
It is generally only necessary to shut oiBf the water sands from the 
oil sands; though in some cases, gas sands must be conserved. 
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It is the rule in eastern oil field practice to use a conductor 
to shut ofif surface for water, and then drill until a water sand is 
encountered. In drilling "dry" (i.e., without any water except 
that put in from the top) as a rule the water sand is cased off, the 
hole is then reduced and carried to the oil sand. If a second 
sand is encountered the same procedure is followed or the 
hole is underreamed and the casing loosed from its first position 
and set lower, if the distance is not too great. Where but one 
water sand is encountered, wells 1200-1500 ft. deep are started 
with a 10-in. conductor and finished with a 63^-in. hole, having 
only one string of 83^-in. casing in the hole to shut off water, and 
from 10 to 20 ft. of 10 in. casing as conductor. 

In rotary drilling the two holes described above would be 
finished as follows: The 400-ft. hole would have two strings of 
casing, one 10 in. in diameter, the other 83^ in.; 2500-ft. holes 
would be finished with two strings of casing, one 123-^ in. in 
diameter, the other 834 in., or even 10 in., though in some unusual 
cases three or four strings might be required. 

The principal factors involved in the above selection of casing 
are, namely, water sands and quicksands. In both systems of 
drilling it is necessary to make sure that all water is kept 
from entering the oil sand from any formation lying above the 
sand. 

In some cases one may prospect below a proven oil sand and 
encounter a lower water sand, and then below that several oil 
sands. It then becomes desirable to use an extra string of casing 
to shut off the water between the oil strata, though not ab- 
solutely necessary if there is little water below. 

In rotary drilling, the drill hole is kept full of circulating water. 
Quicksands are easily penetrated by this method as the head of 
the water in the hole keeps the sand from coming into the hole 
too freely. With standard cable-tools, however, quicksands or 
loose, friable sands of any kind become a source of trouble, and 
require "casing off." Where quicksands are present the standard 
hole would require at least one more string of casing than by 
using the rotary system. However, where the circulator method 
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is employed the rotary syBtem has no advantage over the standard 
tools as to the amount of casing. 

Water sands and quicksands must be considered in another 
light. Even when they do not affect drilhng they may, later, 
when under considerable head, collapse the casing and destroy 
the hole. This becomes a distinct evil and causes a great deal 
of trouble and expense. To overcome these pressures extra 
heavy casings must be used. We have now considered the 
principal requirements of casing as affected by geological factors. 
Discussion of the above re- 
quirements apply where 
drilling is carried on in soft 
formations. Where lime- 
stones or sandstones are the 
predominant features, there 
is little need for casing except 
to hold back water or pre- 
vent the escape of oil or gas 
into dry sands. 

Chookbd Holes. — Another 
requirement for favorable 
holes is that they be straight. 
Crooked holes cause unnec- 
essary expense, and later cause 
great wear and tear in the ^ 
producing well. Sometimes 
crooked holes seriously interfere with the entrance of casing. 
This results in loss of time and sometimes loss of part of the 
casing. The principal cause of crooked holes is the striking of 
hard, steep dipping strata. Suppose one is drilling in clay or 
shale, and that the drill suddenly strikes a hard stratum of 
sandstone. (See Fig. 86.) If the drill is allowed to proceed 
rapidly, it will follow down the hard stratum until the drill-stem 
strikes the opposite wall of the hole. The longer the drill-stem 
the less the deflection. If drilling proceeds slowly a straight hole 
will result without much extra trouble or loss of time. 
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With the rotary system the deflection of the drill is limited 
by the elasticity of the drill rod and when the same is bent to 
strike the opposite wall, the drill will proceed through the hard 
formation. Slow, careful drilling will also, in this case, give a 
straight hole. When drilling through steep beds, it is a wise 
precaution to proceed slowly when a hard stratum is encountered. 
Knowledge of such a stratiun is quickly ascertained by any com- 
petent driller who instinctively learns to recognize the diflFerence 
of strata by the way in which the blow of the drill is transmitted 
through the drilling line. A good driller can almost immediately 
tell by the stroke of the tools when the drilling bit has encountered 
a hard stratum. 

(3) Time op Drilling. — The factors immediately effective in 
speed of drilling are: 

(1) Depth, (2) diameter of hole desired, (3) water sands, 
(4) quicksands, (5) dry sands, (6) hardness of strata, (7) boulders, 
and (8) cavities. 

Necessarily the length of time taken to lower and raise 
the tools increases directly with the depth. Also to handle 
long strings of casing more effectively and quickly, it be- 
comes necessary as a time-saving element to erect high der- 
ricks in which three or four lengths of casing, each length 
being 20 to 22 ft. over all, can be stood in the derrick without 
trouble. 

Such stands are from 60 to 80 ft. in length. To pull these 
stands, it is necessary to have derricks that are from 82 ft. to 
120 ft. in height. High derricks are employed in holes over 
1500 ft. in depth. The following figures will give some idea of the 
heights of derricks used for varying depths. For shallow holes, 
400 to 600 ft., where the casing may be rapidly handled, 64-ft. 
frame derricks would be used. Up to 1500 ft., a 72-ft. derrick 
would be used; up to 3000 ft., an 82 to 90-ft. derrick and beyond 
that depth, 106 to 120-ft. In rotary drilling, 82 to 120-ft. der- 
ricks are used, the 82-ft. being used up to 2000 ft., and higher 
derricks above that depth. 

The length of cable Ls also directly afifected by depth. The 
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greater the depth, the longer the cable becomes and the larger 
diameter within certain limits. 

The size of drilling cables varies with the diameter of the hole 
and the depth. For deep holes, 2000 to 3500 ft., with large di- 
ameters, 83^i to 6Ji-in. casings, cables 1 to 13^^ in. in diameter 
are used. For holes up to 2000 ft., 54 to %-in. lines are used. 
Deep holes 3 in. in diameter can eiBfectively use ^-in. lines. 

In drilling with a standard rig the best speed is made in a dry- 
hole. In oil-field phraseology a "dry-hole" is one in which 
water must be put in the hole to thin the drill cuttings, to keep 
the bit from overheating, and to soften the formation. When a 
water sand is encountered, the hole becomes a "wet" one, that 
is, furnishes water enough to meet the needs of drilling. In 
" dry" holes it is only necessary to keep a small quantity of water 
in the hole; "wet" holes are nearly full and the surplus water 
retards this stroke of the tools and weakens their impact, 
resulting in slower drilling. 

In many fields Manila cables are used until water is struck, 
and from there on steel cables are employed. In "wet" holes 
water retards the speed of drilling to such an extent that it 
becomes necessary either to case ofif the water sands or use wire 
cables. Wire ropes or cables are commonly employed with 
standard cable-tools for deep drilling, 2000 ft. or more. With 
the hydraulic-rotary system, however, water does not retard 
the speed of drilling; indeed the extra water saves the introduc- 
tion of water from the surface, and thus becomes an important 
factor in economical drilling. Where, however, the flow of water 
is very strong, the rotary mud is washed from the hole and slow 
progress results. 

Dry Sands. — Where the head of water in the bore hole is 
greater than that in the water sands, circulation is affected, and 
the water instead of returning to the surface enters the water 
sand. To overcome this trouble, it is necessary to pump mud 
, into the hole. This mud fills the interstices of the sand and 
keeps the water from escaping from the bore hole. 
Dry sands are pernicious in both systems of drilling. These 
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Fig. 87. — Curve A shows the time of drilling wells with a standard rig for 
varying depths. The data compiled includes the results from over 700 wells of 
various depths in the Coalinga, Kern and Midway fields. The amount of 
casing used was established in uniformity with the practice on the properties 
considered. Fuel oil, tools, drilling lines, derricks, rig irons, belts, engines and 
haulage are all figured to standards. This method insures uniformity and is 
free from the variations which show on accounting records of the various com- 
panies. The broken line on the chart shows the actual results of the compilation 
of these data, and the solid is the assumed average. 

Curve B is constructed similarly for drilling time with a rotary rig. (After 
Mark Pequa.) 
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sands absorb water and cause an undue quantity to be pumped 
into tbe hole, since without water the bits would soon overheat, 
and tbe cuttings would accumulate to such an extent that they 
would retard the action of the drill. By introducing mud into 
the hole the walls of the dry sands are puddled 
and the water held in the hole. It is often nec- 
essary to put in many tons of mud which is mixed 
in sump holes at the surface. This mud has the 
consistency of thick cream and is either poured or 
pumped into the hole. 

The table presented gives some idea of drilling 
time in California. (See Fig. 87, page 124.) 

Hardness of Strata and Its Effect upon Drilling 
Operations. — 1. Sands, — Drilling in sands is gen- 
erally fast work, especially where the rotary or 
"circulator" systems are employed. Standard 
cable-tools penetrate sands rapidly though the bits 
are worn quickly by the sharp sand grains. Where 
the sands have a tendency to shift or cave, stand- 
ard cable-tools have a iiard time to "make hole." 
In such cases, days are sometimes required to drill 
even a few feet. Under such conditions, rotary 
sand circulators do the best work. With them it 
13 possible to drill from 100 to 200 ft. per 24 hours 
in sandy strata. 

2. Sandstones. — Hard sandstones and limestones 
are quickly shattered by the heavy blows of the 
standard cable-tools. The heavy standard bit fiq. ss.— 
(see Fig. 88) makes good progress in such for- f^°*|f^,.^t!^ 
mations, though the wear and tear on the bits is 
fairly great. In rotary drilling, however, especially where a fish- 
tail bit (see Fig. 89, page 126) is employed, little headway is made, 
and in such cases another form of bit must be employed, either a 
core barrel, adamantine with a reversed fish-tail bit, a rotary shoe 
with adamantine or the Sharp & Hughes bit. (See Fig. 90, page 
126.) 
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In the writer's estimation, the early lack of success of the 
rotary system of California was due most of all to the drilling 
of the shell or sandstone formations with fish-tail bits. Only a 
few satisfactory holes had been put down with a rotary and 
these required a longer time than seemed necessary. The fish- 
tail bit was almost invariably employed in drilling through all 
formations; though at present it excels for drilling in soft ma- 
terials, its use is deprecated in hard formations. 

Another trouble with sandstones, especially where a string 
of casing is carried close to the bottom of the hole, lies in the 





Fig. 89.— Fish-tail ro- 
tary bit. 



Fig. 90. — Sharp & Hughes 
hard rock rotary bit. 



fact that the drill which fits snugly inside the casing does not 
make a large enough hole in the sandstone to allow the casing 
to go through it. To meet this objection, underreamers are used. 
These underreamers (see Fig. 91, page 127) are really expansion 
bits. When let down through the casing, these bits project be- 
yond the casing shoe and enlarge the diameter of the hole so that 
the casing can be forced downward. 

3. Clays and Shales. — In drilling through clays and shale 
with standard cable tools, the greatest difficulty encoimtered 
is the tendency of the clay to stick to the bit. This tendency 
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makes drilling in the soft clay a slow process. There is also the 
tendency of the clay to "creep" or to cave into the hole. This 
tendency may be overcome to some extent by keeping the hole 
full of water, and by carrying the casing close to the drill. The 
hydraulic-rotary system and the "circulator" method are 
well adapted for drilling through clay and shale. By these 
methods one literally washes out the soft material and can make 
very rapid progress, in exceptional cases from 200 to 
300 ft. having been made in 24 hours. Clay does 
not dull bits rapidly so that when drilling in it there 
is little need to draw the tools from the hole to 
sharpen them. 

4. Boulders, — Boulders are a source of trouble 
wherever found. They inay occur as concretions 
in sands and shales, or as conglomerate beds made 
up of material ranging in size from that of an egg 
to the size of one's head and larger. 

Concretions are encountered in many regions 
and explain the presence of unusually hard streaks 
in what would otherwise be solid beds of shale 
and sand. Concretions are harder than the sur- 
rounding material and thus check the speed of 

drilling somewhat. In a few cases, however, lai^ _ ^ 

boulders may be mistaken for solid beds of sand- derreamer. 
stones and casing landed on them. 

Where the boulders consist of material different from the 
immediate formation, one is warned against landing the casing 
on them. The greatest trouble with boulders, however, comes 
from the boulder beds. When a drill has passed through such 
beds there is always a liability that a boulder may fall in above 
the drill-bit and wedge if fast. Especially is this the case in 
rotary drilling where a fish-tail bit is used. In this case the 
boulders lodge above the bit between the drill rods and the wall of 
the hole and wedge the bit tight. Many hoes are thus lost. 
It is sometimes possible to unscrew the rotary pipe and later 
drill up the rotary bit or sidetrack the same, if the walls of 
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the hole are of clay or shale. Where, however, the walls are 
sandstone or limestone, sidetracking is out of the question. In 
some cases it is possible to break up the boulders by letting down 
a string of light cable tools alongside the rotary pipe. 

One ingenious operator in a case where the driller could neither 
drill nor pull the pipe, devised a method that proved effectual. 
Oil sand was expected within a few feet. To abandon the hole 
meant a heavy monetary loss. As the drill pipe was 43^ in. 
in diameter the operator determined to drill through the rotary 
bit below by using a steel bit harder than the rotary bit. Using 
2-in. drill rods he milled through the rotary bit below and reached 
oil sand, obtaining a good flow of oil through a 2-in. hole. 

5. Cavities. — Cavities are very uncertain factors in oil well 
drilling. They may be classified as follows: 

(1) Those along fault or fracture planes; (2) solution cavities; 
and (3) ''washout'' cavities. 

In some regions like Boulder, Colo., cavities have been reported 
in drill holes. They are supposed to be in fracture plane. In 
these regions the drill tools drop suddenly into underground 
fractures or crevices due either to faulting or folding. Such cases 
are assumptive and explain the unusual phenomena better than 
anything else. 

In limestone regions solution cavities are plentiful. Indeed, 
great underground caverns are of frequent occurrence. In such 
regions the disappearance of water in a drill hole and the sudden 
dropping of tools is in no way a mystery, but rather to be ex- 
pected at any time. 

"Washout" cavities are purely artificial and are due to the 
withdrawal of soft sand or shale from under a hard stratum of 
sandstone or limestone. 

In drilling, the softer sand may cave and cause a cavity to 
form below a hard stratum. If a hydraulic rotary be used, great 
quantities of sand may be washed from the hole. Where the 
sand begins to wash out, a sudden rush of sand may collapse 
the casing or perhaps cover up the drill tools, causing a difficult 
fishing job. In one instance a cavity of this kind was large 
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enough to hold seven or eight wagon loads of boulders and 
brickbats, and over 2000 ft, of old buU-rope and Manila line 
was required before the cavity could be filled enough to form a 
bridge, upon which it was desired to rest a string of casing. 

Rock Pressure. — Drillers and operators often speak of "rock 
pressure," meaning gas pressure. However, the writer presents 
another aspect of rock pressure and its practical application 
to caving and heavii^ troubles — also the collapsing of casing 
which is notably the trouble in California, where the sediments 
are not as compact as in Pennsylvania and the Mid-Continent. 

Compression Due to Rock Pressure. — Where the earth's strata 
are thrown into folds, these folds are under compression due to 



Fio. 92. — lUuBtrates direction of resultant L, which tends to collapse casing. 

gravitative influence or due to the weight of the overlying forma- 
tions. Some strata can resist less than others and are more sub- 
ject to movements than others. Thus soft sands and shales are 
more subject to change due to compressive action than are 
sandstones %nd limestones. Shales and sands creep, shift or 
heave under compressive power that would not noticeably affect 
the harder formations. 

Folds furnish excellent conditions for unbalanced pressures 
and consequently, when drill holes which disturb the equiUbrium 
of a series of pressures are put down, collapsing of the casing or 
caving of the open hole results. 

Consider the fold shown in Fig. 92. At any point the vertical 
pressure of the strata may be resolved into a component at right 
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angles to the dip of the strata. This component R can be resolved 
into a resultant L, which we will call the lateral pressure. It is 
the action of this lateral pressure which the writer beUeves 
explains casing troubles more fully than any other theory. The 
resultant toward the syncline compresses casing in holes which 
are drilled down the dip from the outcroppings of oil strata. 

By trigonometry the resultant compressive power L is given by 
the following expression: 

L — cos angle of dip X cos 90 — angle of dip W. 

{W is the weight of overlying strata.) 

Theoretically this pressure is greatest when the angle of dip is 
45°, decreasing when the angle decreases or increases above 45°. 

Measure of Pressure. — Suppose a thickness of strata of 3000 
ft. composed of clays, shales, conglomerates, sands, and sand- 
stones. The average specific gravity of such strata is 2.5. That 
is, 1 cu. ft. of such material weighs 23^ times the weight of a cubic 
foot of water under atmospheric pressure and at 60° F. 

Water weighs 62.5 lb. per cu. ft. Then 1 cu. ft. of the above 
materials will weigh 62.5 X 2.5 -^ i56 + lb. 

A colunan of stone 1 ft. high and 1 sq. in. at the base will exert 

a pressure zrr-r = 1.08 lb. per sq. in. 

A column of strata 3000 ft. thick will exert a pressure of 1.08 
X3000 = 3240 lb. per sq. in. 

The lateral resultant^ of this for an angle of dip of 45° will be L 
= cos 45 X (cos 90 - 45) X 3240; or 0.5 X 3240= 1620. 

For an angle of dip of 30° L = cos 30 + cos - — ~ — ~ X 3240 

= 0.866 X 0.5 X 3240 = 1403. 

Likewise for 60° dip L = cos 60 X cos qq^ X 3240 = 

0.5 X 0.866 X 3240 = 1403. 

Such high pressures are certainly great enough to cause casing 
collapses in weak or defective casings. Even at a few hundred 
feet, pressures of 300 to 400 lb. may cause the formations to cave 
or to creep into the drill hole. 

The deeper the hole is carried, the greater the pressures, and the 
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greater the need for heavy casing. Table XII gives some casings 
tests. Note that the larger the casing and the less the weight, the 
less resistance it offers to compression. In all engineering work it 
is usual to use factors of safety to insure sufficient strength to 
make up for any weakness in iron; steel, stone, or other materials 
due to flaws in the material. Such factors in oil-field work are 2 
and 3. A factor of safety of 2 means that a casing has twice the 
resistive strength necessary to offset collapsing pressures. A 
123^^-in. casing weighing 40 lb. per ft. would withstand but 402 
lb. lateral compression. 

Table XII. — Showing Collapsing Pbessures of Lap-welded Steel 
Casing fob Sizes Commonly Used in California 



Sijte, in. 



Weight 

per 
ft., lb. 



Innde 

diameter, 

in. 



Outside 

diameter, 

in. 



Thickness, 
. in. 



Collapsing 
pressure, 

lb. ^r 

sq. m. 



Equiva- 
lent water 
column, 

ft. 



Water 

column, 

factor of 

safety 2, ft. 



4.H 
6h 



6h 



7h 



9h 
10 



ll9i 
12h 






15.0 


4.500 


5.000 


0.250 


2944 


6790 


20.0 


5.370 


6.000 


0.315 


3160 


7280 


20.0 


6.000 


6.625 


0.312 


2704 


6230 


-26.0 


6.845 


6.625 


0.390 


3717 


8660 


28.0 


6.775 


6.625 


0.425 


4167 


9600 


20.0 


6.437 


7.000 


0.281 


2096 


4830 


26.0 


6.312 


7.000 


0.344 


2867 


6600 


28.0 


6.220 


7.000 


0.390 


3440 


7930 


26.0 


7.390 


8.000 


0.305 


1914 


4410 


28.0 


8.015 


8.625 


0.305 


1680 


3870 


32.0 


7.935 


8.625 


0.345 


2080 


4790 


36.0 


7.875 


8.625 


0.375 


2383 


6490 


38.0 


7.765 


8.825 


0.430 


2928 


6750 


43.0 


7.625 


8.625 


0.500 


3638 


8380 


33.0 


9.500 


10.000 


0.260 


780 


1800 


40.0 


10.000 


10.750 


0.375 


1638 


3770 


48.0 


9.850 


10.750 


0.450 


2234 


6160 


54.0 


9.750 


10.750 


0.600 


2643 


6090 


40.0 


11.437 


12.000 


0.281 


641 


1475 


40.0 


12.500 


13.000 


0.260 


402 


927 


45.0 


12.360 


13.000 


0.320 


745 


1717 


60.0 


12.250 


13.000 


0.375 


1109 


2560 


60.0 


13 . 250 


14.000 


0.375 


936 


2160 


51.3 


15.416 


16.000 


0.292 


314 


724 



3395 

3640 

3115 

4280 

4800 

2415 

3300 

3965 

2205 

1935 

2396 

2745 

3375 

4190 

900 

1886 

2575 

3045 

737 

463 

858 

1280 

1080 

362 
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However, ^a weak place in the casing might fall below that limit 
to one-half of the normal strength. Then if pressures of 300 to 
500 lb. are exerted, the casing may collapse. The remedy here is 
simply to use a casing sufficiently heavy to have a factor of 
safety of 2, or 3 if possible, and to use only good casing. 

An 83^^-in. 28-lb. casing has a collapsing pressure of 1680 lb. 
A lateral rock pressure of 1000 lb. may readily be obtained at a 
depth of 2000 to 2500 ft. The factor of safety here is but 1.68, so 
that any weakness in pipe would lower the compressive resistance 
to a very dangerous point. 

So far nothing has been said about drilling water in a test hole 
or oil in a pumping well. Of course where the hole is full of 
water, each 1000 ft. of water eXerts an outward pressure of 434 
lb. per sq. in. inside the casing. This pressure will help to balance 
the lateral rock pressure. Where, however, the well is bailed or 
pumped down, danger threatens. 

Shooting Wells. — It is common practice in the Pennsylvania 
and the Mid-Continent oil fields to shoot or dynamite the wells 
after they have been drilled into the oil stratimi. This is done 
to break up the formation so it will form a reservoir for oil, and 
also cause channels to form in the shattered rock. Where the 
formations are hard sandstone, limestone, or very hard shale, 
shooting will break up the material sufficiently to form good 
reservoirs and channels; where the sands are soft and flowing, as 
in some of the Californian and Russian fields, dynamiting has 
no effect. Where soft shale makes up the oil stratum, the tend- 
ency is to compress or tighten the shales, thus keeping back the 
oil, instead of allowing it to enter the well. 

In some instances especially where the sandstone is hard and 
compact, too heavy a shooting charge of nitroglycerin is used, and 
as a result the sandstone is pulverized instead of being made more 
coarse. The pulverized material cannot be entirely cleaned out, 
and is liable to clog the pores of the sandstones and keep back 
production. 
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Drilling through Coal Beds. — In certain parts of Pennsylvania 
and Illinois, workable coal beds are found above the petroleum 
formations. Drill holes pass through these coal beds before 
entering the oil sands. Where the coal beds are worked 
there is danger of injuring the oil wells, also danger of acci- 
dents in the mine, due to escaping gas and injury from drilling 
accidents. 

A knowledge of such beds is essential before commencing 
work, as the coal-mine owners must allow pillars of sufficient 
size to protect the oil well. . The United States Bureau of Mines 
is doing excellent work along this line in Pennsylvania. 

Logs. — (Records). — The value of logs in drilling must not be 
underestimated. Every company should keep a close accurate 
log of the formations through which the well or wells are drilled. 
Many thousands of dollars are annually lost through not knowing 
the location of water or of oil sands. 

When casing troubles are at hand in oil wells, it is extremely 
valuable to know the location of important sands to intelligently 
redrill the well. The knowledge of certain formations in a new 
well enables an operator to proceed much more rapidly with the 
holes that follow. Contractors especially find such information 
very valuable. 

By far too little attention is paid to logs. Some uniform 
system of keeping logs should be in vogue. Also every oil man 
should clearly understand the meaning of the various terms, clay, 
shale, gravel, etc. One driller calls a brown shale blue, or a 
blue shale brown, when others call it blue. This is a needless 
classification. Blue and brown are entirely different colors, but 
drillers sometimes classify these formations alike. Then, too, 
a sand and a sandstone are very different, as also are sand, and 
shale. Sand is very gritty; shale is softer and less gritty. Clay 
sticks to a bit and unlike shale has no small seams or layers 
in it. 

One point on which the drillers make mistakes is in classifying 
the material while wet. Gray material when wet is blue, and 
brown and bluish shales when wet are nearly black. By letting 
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the material dry, the true color will appear. If one driller 
classifies while the material is dry and the other while the material 
is wet, conflicts will arise. 

Geologists generally differ little in their classification of sands 
and shales. If drillers and superintendents would only follow 
the geologist's classifications, logs would be much simpUfied. 
Anyone who has attempted redrilling on a well where a number of 
drillers have worked will realize the utter folly of allowing half 
a dozen different classifications. 
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Fio. 93. — ^Log form. (After Phelps.) 



If the logs are worth keeping, and they are without doubt 
invaluable, keep them so carefully that no one can mistake 
their meaning. How many oil men today can feel certain that 
the logs are carefully kept? '* Wild-cat" drillers are often crimi-: 
nal in their negligence and later, when exact information is 
desired, none is available. 

Any careful classification will do as long as it is adhered to. 
A form for keeping logs is given above. (See Fig. 93. Also 
note Fig. 94, page 135.) 
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Fio. 94. — Form of well log used by California State Mining Bureau. 
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WELL LOGS AND THEIR INTERPRETATION 

In the hurry and bustle of their oil-field work, the operators too 
often fail to take time to study their well logs, with the result 
that they obtain only part of the benefit that they might other- 
wise obtain. 

The following discussion is presented to indicate a few points 
that have an important bearing on oil problems, but which, too 
often, are overlooked. 

Fig. 95 is purely diagrammatic, presenting, however, condi- 
tions known to occur in several fields. At the top of the figure 
the surface relation of the wells are given, also the surface appear- 
ance of the rocks. 

The wells are numbered 1 to 8 across a distance of 5 miles. 
The elevations above sea level, obtained by a survey, are also 
given. Below the wells are skeleton or partial logs which are 
placed in their proper relation to sea level. The logs are all on 
the same scale. 

Considering C as the key horizon, or base bed, the other beds 
Ay B, D, and E are related to it. The interval between the tops 
of the various beds and their relations to the top of bed C are 
found from the well logs. For example, at the top of A is 380 
ft. above C, the top of D, 150 ft. below C, and the top of E, 
860 ft. below the top of C. 

With these points clearly in mind we can discuss the findings 
from the well logs. 

The importance of well-kept records must not be underesti- 
mated, as accurate conclusions cannot be obtained upon inaccu- 
rate data. 

The following structural conditions are shown in the diagram: 

1. A synclinal condition occurs near 2, as the beds at 2 are 
lower than at 1 and 3. A faulted condition might exist, but 
such a fault would act as syncline; for all practical purposes the 
result would be the same. 

2. An anticlinal condition occurs near 3 and between 2 and 4. 
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Hole 3 shows the beds higher than at 2 and 4, indicating an anti- 
clinal condition. 

3. A terrace occurs at 5 and 6. The holes at 5 and 6 show a 
flattening of the dip giving a terrace condition there. 



Weitt^ 




Fig. 95. — Correlation and interpretation of well logs. 

4. The average surface dip to the west is 36 ft. per mile. 
This dip to the west is obtained by subtracting the difference in 
elevations between two points and dividing by the miles. 
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The dip between 1 and 8, taken on the limestone shown at the 
surface is (780 - 600) -^ 5 = 36 ft. per mile. 

Again, the underground dip on C shows as follows: The ele- 
vation of C above sea level at 1 is 280 ft.; at 8 it is —50, or 50 
ft. below sea level, or a total difference of 330 ft., between the 
two points. The dip of the bed is then 330 4- 5 = 66 ft. per 
mile. 

5. The dip is not constant, but varies from point to point. As 
is apparent, the dip from 8 to 6 is greater than at 6 to 5, or 4 
to 2. 

6. The linaestone B decreases in thickness to the West and dis- 
appears. At 1 the limestone is thickest; at 7 it disappears. 

7. The intervals between A and C, and C and D increase 
westward. At 1 the interval between A and C is 380 ft.; at 8 
the interval is 520, a thickening of 520 — 380 or 140 ft., in 5 
mUes, or 28 ft. per mUe. The interval between C and D at 1 
is 150 ft., at 8, 250 ft., a change of 100 ft. in 5 miles. 

8. The interval between C and E increases eastward showing 
an unconformity. The interval between C and E is 520 ft. at 8, 
and 860 at 1, a difference of 860 — 520 = 340, or a thickening of 
68 ft. per mile, east. Also the beds appear above E at 1, 2, 3, 4 
and 5 that do not appear at 8. An angular unconformity is 
plainly apparent. 

Note also that the underground folded structure at 6 and 3 is 
still strongly pronounced. 

9. The beds are in themselves variable, as is illustrated in F. 
At 1, the sand is thin and increasing in thickness to 3, thinning at 
4, and thickening at 5 to thin again at 7. 

10. The well at 6 was not drilled to the deeper sands at E and 
F. However, at 3, the deeper sands have proven productive. 
Also, the shallow sand at 6 has production, and it is likely that 
the deeper sands at 6 will also prove productive, as there is a well- 
defined folded condition at that point, which is favorable for an 
oil accumulation. 

11. Needless to say the wells in the upper sand rapidly deepen 
westward. 
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12. As will be noted there is a distinct relation between the 
underground and the surface folding. In many cases surface 
exposures check closely, but in some cases no exposures are found 
and the structure depends solely upon the well log records. 

The following application of mapping structure from well 
records is after Mowry Bates:' 

"A study of a large number of well records in the various Louisiana' 
fields indicated a close relationship between the producing sand and the 



Nacatoch sand above. The interval was found to be fairly constant in 
the various pools, though it varied considerably from one pool to another. 
In the Crichton field the interval from the Nacatoch to the producing 
sand is about 1670 ft. The attitude or form of the Nacatoch sand is 
represented by contours, the figures on the contours (Fig, 96) being the 
elevation of the top of the Nacatoch sand above ft datum plane 3000 ft. 
below sea level. This datum is taken in order to have positive con- 

» A Concrete Example of Use of Well Loga, Trans. A. I. M. E.. May, 1918. 
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tours, the larger numbers being higher. The Nacatoch sand is selected 
as the key rock because of the marked change in character from the 
Arkadelphia clays immediately above, whereby the top of the Nacatoch 
can be immediately detected and recorded. The interval to the oil sand 
is sufficiently constant to be useful, and the shallow depth enables one to 
keep ahead of development in close-in work and project structure in 
advance of the drill. 

The Red River Fault 

The development of Section 25, 30, 20 and 21 was proceeded with as 
rapidly as possible. The writer was at all times collecting records from 
various sources and plotting them in order to keep in advance of the 
drill. It was at first thought that the southern line of Section 25 and 30 
were in a syncline, as indicated by elevations of the Nacatoch from the 
well in the center of Section 32. Then the well marked 1 in Section 30 
came in, making 3000 bbl. where a dry hole or a small well was expected. 
This log was kept secret, and we did not have the depth of the Nacatoch 
until we secured the entire log. It was then found to be on the top of a 
dome the higher part of which had been thought to be farther to the 
northwest. A glance at the log showed a marked difference from any 
other in the field. The interval to the Nacatoch, instead of being 1682 
ft,, as in well No. 3 to the northwest, was only 1472 ft., or 210 ft. less 
than it should have been. It was at once apparent that faulting was 
present. The same day, wells No. 6 and 8, in Section 20 and 21 came in, 
showing intervals of 187 and 111 ft., respectively. 

A study of all literature and records of normal faults in soft formations 
indicated that the majority had dips between 50° and 70°. A dip of 60° was 
assumed, and the fault plotted. Fig. 96, page 139, is the original contour 
map, which it has not been necessary to change since the first draft. Fig. 
97, page 141, is Section A-B as marked on Fig. 96. It was estimated that 
a well drilled over 282 ft. south of well No. 1 would be beyond the limit 
of the producing sand, and would pass through the same horizon 210 ft. 
lower, which was sufficient displacement to throw the producing sand 
below the water level. This would cause dry holes in an area where the 
accumulation of oil was controlled by the condition of saturated sands, 
as in this field. This was found to be accurate within 14 ft. when well 
No. 4 was completed. The same condition was found to exist in the 
wells along the fault to the northeast, and it was feasible to predict a well 
or a dry hole from the location on the map. The distance south of the 
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fault to which the producing seind might extend was, of course, controlled 
by the amount of displacement at each point. 

After locating the fault underground, it was found on the surface 
between wells No. 8 and 9, where a sand rests t^ainst a clay. Matson 
and Hopkins, in BuUelin 661C, U. S. Geological Survey, extended the 
fault much farther to the southwest than I have done, but the evidence 
indicates that the extent mapped is correct. 



The mapping was so accurate that the well immediately north of 
No. 1 was due to pass through the gap, or break, in the Nacatoch sand; 
which, in fact, it did, and it is the only well in the field in which no gas 
rock ia encountered." 

In conclusion, it is important to reiterate that accurate findings 
depend upon accurate drill logs; and that such records are essen- 
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tial to intelligent geologic work as well as the economic develop- 
ment of oil properties. 

METHOD OF ESTIMATING WELL DEPTHS FROM DRILLING 

LINES 

In many cases it is important to know the approximate depth 
of a well. Where the drillers and operators refuse to give out 
information, the following method may be employed: 

The drilling line is wound on the bull-wheel shaft in successive 
layers or coils, each consisting of several turns or wraps around 
the shaft. 

The tables give directly the length of line in each coil. 

USE OF TABLES 

Example. — The length of 23^-in. Manilla rope on a bull-wheel 
shaft having 1 coil of 8 wraps is 35.04 feet. 

The total length of line on a bull- wheel shaft is the sum of the 
lengths of line in each of the several coils. 

Example, — The length of ^-in. wire line on a bull-wheel shaft 

having 3 coils of 9 wraps each, and a fourth coil of 5 wraps is the 

sum of 

The length of line in the 1st coil of 9 wraps, or 35 . 91 ft. 
The length of line in the 2d coil of 9 wraps, or 39 . 42 ft. 
The length of line in the 3d coil of 9 wraps, or 42 . 93 ft. 
The length of line in the 4th coil of 5 wraps, or 25 . 80 ft. 



Which is a total length of 144.06 ft. 

If the length of line in a coil of more than 10 wraps is required 
it may be computed by multiplying the length of one wrap, as 
given in the first line of each table, by the number of wraps. 

Example, — The length of %-inch wire on a bull shaft "hav- 
ing 2 coils of 20 wraps each is the sum of 

The length of line in the 1st coil of 20 wraps, or 4 . 02 X 20 or 80 . 40 ft. 
The length of line in the 2d coil of 20 wraps, or 4.48 X 20 or 89.60 ft. 



Which is a total length of 170.00 ft. 



FACTORS IN OIL-WELL DRILLING 



143 



' Table XIII 
Tables fob Approximate Well Depths 
l^mputed for Bull-wheel Shafts 14 J^" Dia. — Approx. 3 '-9" Circum. 

2H-inGh Manilla Rope 



Wraps 


Coila 


Wraps 


1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 


4.38 
8.76 
13.14 
17.52 
21.90 
26.28 
30.66 
36.04 
39.42 
43.80 


6.6e 
11.12 
16.68 
22.24 
27.80 
33.36 
38.92 
44.48 
60.04 
66.60 


6.74 
13.48 
20.22 
26.96 
33.70 
40.44 
47.18 
63aCl2 
60.66 
67.40 


7.92 
15.84 
23.76 
31.68 
39.60 
47.62 
65.44 
63.36 
71.28 
79.20 


9.10 
18.20 
27.30 
36.40 
45.60 
64.60 
63.70 
72.80 
81.90 
91.00 


10.28 
20.66 
30.84 
41.12 
61.40 
61.68 
71.96 
82.24 
92.52 
102.80 


11.46 
22.92 
34 a 38 
45 a 84 
67 a 30 
68.76 
80.22 
91.68 
103.14 
114.60 


12.64 

25.28 

37.92 

60.56 

63.20 

75.84 

88.48 

101.12 

113.76 

126.40 


13.82 

27.64 

41.46 

66.28 

69.10 

82.92 

96.74 

110.56 

124.38 

138.20 


16.00 

30.00 

45.00 

60.00 

76.00 

90.00 

106.00 

120.00 

136.00 

150.00 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 



H-inch Wire Line 





Coils 


Wraps 


Wraps 


1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


1 
2 
3 

4 
5 
6 
7 
8 
9 
10 


3.99 
7.98 
11.97 
15.96 
19.^5 
23.94 
27.93 
31.92 
35.91 
39.90 


4.38 
8.76 
13.14 
17.52 
21.90 
26.28 
30.66 
35.04 
39.42 
43.80 


4.77 
9.64 
14.31 
19.08 
23.85 
28.62 
33 a 39 
38.16 
42.93 
47.70 


6.16 
10.32 
16.48 
20.64 
25.80 
30.96 
36.12 
41.28 
46.44 
61.60 


6.65 
11.10 
16.66 
22.20 
27.76 
33.30 
38.85 
44.40 
49.95 
65.50 


6.94 
11.88 
17.82 
23.76 
29.70 
35.64 
41.68 
47.62 
53.46 
59.40 


6.33 
12.66 
18.99 
26.32 
31.65 
37.98 
44.31 
60.64 
56.97 
63.30 


6.72 
13.44 
20.16 
26.88 
33.60 
40.32 
47.04 
63.76 
60.48 
67.20 


7.11 
14.22 
21.33 
28.44 
35.56 
42.66 
49.77 
66.68 
63.99 
71.10 


7.60 
15.00 
22.60 
30.00 
37.60 
45.00 
62.50 
60.00 
67.50 
75.00 


1 
2 
3 
4 
6 
6 
7 
8 
9 
10 



H-iuch Wire Line 



Wraps 


Coils 


Wraps 


1 


2 


3 


4 


6 


6 


7 


8 


9 


10 


1 
2 
3 

4 
6 
6 
7 
8 
9 
10 


4.02 
8.04 
12.06 
16.08 
20.10 
24.12 
28.14 
32.16 
36.18 
40.20 


4.48 
8.96 
13.44 
17.92 
22.40 
26.88 
31.36 
35.84 
40.32 
44.80 


4.94 
9.88 
14.82 
19.76 
24.70 
29.64 
34.58 
39.62 
44.46 
49.40 


6.40 
10.80 
16.20 
21.60 
27.00 
32.40 
37.80 
43.20 
48.60 
64.00 


6.86 
11.72 
17.58 
23.44 
29.30 
35.16 
41.02 
46.88 
52.74 
68.60 


6.32 
12.64 
18.96 
25.28 
31.60 
37.92 
44.24 
50.56 
66.88 
63.20 


6.78 
13.66 
20.34 
27.12 
33.90 
40.68 
47.46 
64.24 
61.02 
67.80 


7.24 
14.48 
21.72 
28.96 
36.20 
43.44 
60.68 
57.92 
65.16 
72.40 


7.70 
15.40 
23.10 
30.80 
38.50 
46.20 
63.90 
61.60 
69.30 
77.00 


8.16 
16.32 
24.48 
32.64 
40.80 
48.96 
57.12 
65.28 
73.44 
81.60 


1 
2 
3 
4 
5 
6 
7 
8 
9 
10 



CHAPTER VIII 

FACTORS IN OIL PRODUCTION 

The aim of every operator is to extract the maximum of oil in 
the minimum of time and at a minimum cost. To accomplish 
this he must map out a definite production campaign. Success- 
ful operating depends upon the ability to clearly analyze and 
comprehend troubles 2000 ft. or more underground. Such abil- 
ity often saves many thousands of dollars that would otherwise 
be expended in futile endeavors to remedy some of the troubles 
that do not exist. Geological conditions 2000 ft. underground 
may seem largely a subject of conjecture. However, an excel- 
lent idea of such conditions can be obtained by a careful study of: 

1. Any outcrops of the oil strata and the beds underlying 
and overlying them. 

2. The drill-logs and borings from individual wells, and 

3. The cross-sections and the areal maps made from com- 
pilation of a number of drill-logs. 

From the first sources of information, some clue to the follow- 
ing may be obtained: 

(a) The hardness of the formations. 
(6) The thickness of the formations. 

(c) The dip and the strike of the oil strata. 

(d) The size of the sand grain of the oil sands. 

(e) Probable water sands. 

(/) Evidences of faulting and minor folds that may istfifect 
the oil strata. 
From the second sources of information may be gained: 
(a) Knowledge of the actual depths to the oil strata. 
(5) The number of oil strata, 
(c) The true thicknesses of the oil strata. 

144 
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(d) The true thicknesses of th6 overlying beds. 

(e) The relative productivity of the oil sands. 

(/) The character of the beds overlying the oil strata, as 
regard shardness, and whether they are shales or sand- 
stones or limestones. 

(g) The relative position and number of water sands. 

(h) The quality of the water, whether alkaline, saline, 
or sulphurous. 
The third source of information gives: 

(a) The areal limits of the several oil sands. 

(6) The areal limits of water sands. 

(c) The changes of oil sands to water sands. 

(d) The changes of coarse sands to shales. 

(e) The true dips of the oil sands. 

(J) The thickening and thinning of the. oil strata in 

accordance with overlap, or of unconformity. 

All of the information outlined above is of great value to 

the oil man who is planning a production campaign. Indeed, 

the time will come when no operator will begin work on a large 

scale without taking these factors into consideration. 

Problems of the Producer. — Three important problems con- 
front the producer: 

1. How best to obtain the largest quantity of petroleum 
from his own property. 

2. How best to defend his property from drainage by neigh- 
boring properties. 

3. How best to drain the neighboring properties. 

At first glance problem 3 may seem to call for illegal actions. 
Petroleum mining, however, differs from other mining in that 
there is no legal liability for the operator who depletes a neigh- 
boring property, while in mineral mining no operator can obtain 
ore from neighboring property without being responsible for 
the mineral so taken. The reason for this difference lies, of 
course, in the nature of the substance mined. 

Petroleum is a fluid, while the minerals are solids. Petroleum, 
like water, seeks its level and also tends to flow through any 

10 
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outlet that offers easy passage. Such being the case, it is by 
no means a simple matter to determine the quantity of fluid that 
one property may drain from specified neighboring properties. 
While it is possible to tell approximately how much oil has been 
obtained from other properties, it is not possible to tell how 
much oil has been drained from a certain acreage, specifying 
the amounts taken from each neighboring property. Because 
of this uncertainty no legal action can be taken against an opera- 
tor, even though his oU wells may have completely exhausted 
neighboring territory. 

Amount of Oil. — Every operator desires some idea of the 
amount of oil he may reasonably expect from a property. Esti- 
mates of this kind are only approximate, but are useful guides to 
conservative men. The following factors are necessary in com- 
puting the quantity of oil that apropertymay reasonably produce: 

1. The nmnber of oil strata. 

2. The thickness of the various strata. 

3. The porosity of the oil-bearing formation. 

4. The areas covered by each stratum. 

5. The gas pressure. 

The first two factors may readily be secured from the drill- 
logs. The third factor can only be secured roughly by a study 
of the drill cuttings and the outcrops of the oil sands. The 
fourth factor requires careful study of cross-sections and contour 
maps made from a compilation of many driU-logs. The fifth 
factor is obtained by gauging the pressure well at the well. 

Assume a property (Y) covering a section of land — 640 acres 
in proven territory. (See Fig. 98a, page 147.) Three productive 
sands are known. Drill holes Nos. 1 and 5 show three distinct 
oil sands, A, B, and C, with thicknesses averaging, respectively, 
30, 25, and 50 ft., but with a gradual thinning eastward. Drill 
holes Nos. 6, 7, and 8 show two sands, B and C, having an aver- 
age thickness of 25 and 40 ft., respectively. Drill holes Nos. 
9, 10, and 11 show but one oil sand, 30 ft. thick. It is clear that 
the three strata, Ay B, and (7, do not all underlie the entire 640 
acres under consideration. 
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Civ The average of each sand that underlies the property is a 

: atter of approximation. Drill holes Nos. 1 and 5 show the 

r iree sands (see Fig. 986) A, B, and C, while Nos. 6, 7, and 8 show 

and C. Evidently the top sand A has given out somewhere 

3tween Nos. 1 and 6 and Nos. 5 and 8. This being the case, 

is safe to assume the limits of the A sand at Nos. 1 and 5. 

his gives 200 acres covered by A, and possessing an average 

lickness of 30 ft. Sand B, as shown by the drill records, ex- 

inds to Nos. 6, 7, and 8, which are taken as its limits. The 




Fig. 98o. — Shows plan of wells and 
limits of sands, A, B, and C 



Fig. 986. — Shows cross-section 
in direction of dip. 



irea covered by B is 400 acres, with an average thickness of 25 
t. C covers the entire 640 acres, with an average of 40 ft. All 
x)ld, there are 200 acres 30 ft. thick, 400 acres 25 ft. thick, and 
)40 acres 40 ft. thick; or 200 X 30 = 6000 acre-ft., + 400 X 25 
= 10,000 acre-ft., + 640 X 40 = 25,600 acre-ft.; a total of 
tl,600 acre-ft. 

This total is a fair estimate of the aggregate amount of oil 
jand underlying the section. The porosity of oil formations 
iiflfers so materially that no constant should be assumed except 
is an approximation. Sands show from 5 to 30 per cent, ^po- 
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rosity, and some dolomitic limestones as high as 35 per cent. 
Generally, however, 10 per cent, is accepted as the basis tot esti- 
mates. The U. S. Geological Survey accepts 10 per cent, in 
most of its computations. One gallon per cu. ft. is often taken, 
or nearly 1000 bbl. per acre-ft. 

For the purpose of illustration, the latter estimate will be 
assumed. Thus, 41,600 X 1000 = 41,600,000 bbl. of oil under- 
lying the property. It is safe to assume that only 50 per cent, 
of this oil is recoverable. 

In the above estimates no account is taken of the presence 
of gas on top of a fold. Beeby Thompson in Oil. Field Develop- 
ment, raises the point that the volume of gas should be sub- 
tracted. His estimate is given below. 

"The coarsest oil sands illustrated are capable of absorbing from 20 
to 30 per cent, of their volume of fluid. The capacity of a sand with 20 
per cent, voids is 8700 cu. ft. per foot-acre, or 1550 bbl. (207 tons) 
of oil per foot-acre. A bed of sand 50 ft. thick would, therefore, be 
capable of holding in its pores about 75,000 bbl. equal to 10,000 tons 
of 0.850 gravity oil per acre. 

Gas must naturally occupy space, and where the gas is mainly 
methane, CH4, it is necessary to regard the bulk as occurring in a gase- 
ous state, as it is only liquid at temperatures and pressures which do not 
exist in any operated oil field. If 500 cu. ft. of uncondensible gas at 
atmospheric pressure are yielded per ton (7.5 bbl.) of oil extracted, and 
an average earth pressure of 500 lb. per square inch is allowed, neglect- 
ing temperature corrections and partial solution of gas, the undermen- 
tioned bulk of gas would reduce the volume of oil contents propor- 
tionately. The volume of gas under the assumed conditions would be 
about 3000 cu. ft. per foot-acre, leaving a capacity of 8700-3000 

equal 5700 cu. ft. for oil, equal to -t^ equal 135 tons (about 1000 

bbl.) of 0.850 density oil per foot-acre. It must be understood that 
the above calculations are purely approximate to arrive at a rough idea 
of subterranean absorptions." 

Mr. Thompson is correct in his viewpoint especially for prop- 
erties near the top of a dome. It is difficult, however, to estimate 
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in advance the amount of probable gas content but a factor of 
10 to^ 40 per cent, may be allowed where thought necessary for 
gas, since some folds do not have any oil on top but do carry 
gas. The oil may, however, occur on the flanks of the fold. 

Losses. — Experiments made by the U. S. Geological Survey 
(see Bull. 475, pp. 2 to 16) show that with Pennsylvania and 
Illinois petroleum of 0.810 (43° B.) and 0.8375 (37*^ B.) specific 
gravity, respectively, fuller's earth will absorb, on an average, 
40 per cent, of oil that cannot be recovered. Experiments have 
not yet been made to ascertain the percentage of oil retained by 
the coarser-grained oil sands. With heavier oil of increased 
viscosity it is safe to assume fully as large a loss as that given 
with Fuller's earth. 

Added to this loss, by retention due to adhesion and friction, 
is the incomplete drainage of the oil sands by drilled wells. This 
last factor is most important. There comes a time when the 
oil accumulates in the well so slowly that there is little economy 
in pumping it. When that point is reached, the oil property is 
abandoned as of too little value to pay for operating. It is 
economically exhausted, though not actually so. The above 
losses do not take into account possible flooding, cave-ins, or 
drainage by neighboring properties. When all these factors 
are considered, 50 per cent, seems too high an estimate. 

PROPORTION OF OIL LEFT UNDERGROUND 

Estimates of the amount of oil left in sands vary. J. 0. 
Lewis, Bulletin 148, Bureau of Mines, quotes some interesting 
estimates of oil recovery, as follows : 

White, I. C 25 per cent, for West Virginia. 

Arnold, Ralph, and Garfias, V. R. 40 to 60 per cent, for CaUfornia. 

Ashburner, C. A. 90 per cent, for Pennsylvania. . 

Dunn, I. G 25 to 85 per cent. 

Noramore, Chester 90 per cent. 

Washburne, Chester 36 to 60 per cent. 

Lewis, J. 10 to 20 per cent, for U. S. 
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Fio. »9.— Typical production curves of wella in the Mid-Continent oil field. 
Curves lepreaent production under leases as follons: 1, Muakogee district. Okla- 
homa; 2, Baitlesville district. Oklahoma; 3 and 4, Glenn pool, Oklahoma. 
(After U. S. Bureau of Mines.) 
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In practice the percentage of recovery is much smaller than would 
normally be expected. 

*'Day, in 1907 estimated the recovery from the Appalachian fields 
to have been less than 800 bbl. per acre." 

"The Bradford, Pennsylvania field has produced approximately 230,- 
000,000 bbl. The area is approximately 85,000 acres and the total 
production has approximated only 2700 bbl. per acre, or not enough to 
saturate 3 ft. of sand, although the average oil bearing sand is reported 
45 ft. thick and comparatively uniform. 

"In Illinois, estimates of ^750 bbl. per acre is sufficient to saturate an 
oil sand 2 ft. thick, yet the pay sand is 25 ft. thick. 

"In Oklahoma the average production approximates 3400 bbl. per 
acre, which would not saturate a sand 3 ft. thick. The average thick- 
ness of Oklahoma sand ranges from 40 to 50 ft. 

"In California, estimates place 40,000 bbl. per acre, enough to 
saturate 20 ft. of sand, whereas the real thickness is 200 to 300 ft. 

According to the United States Geological Survey (Northrup J. D., 
Petroleum: Mineral Resources, U. S. for 1914, U. S. Geol. Survey, 1915, 
page 889) 3,335,457,140 bbl. of oil have been marketed from 329,186 oil 
wells in the United States up to the beginning of 1915, During 
1914, 265,762,535 bbl. were marketed from 179,129 oil wells. It is esti- 
mated that the average well drained about 6 acres of oil land, the total 
area being about 2,000,000 acres. The future production for the wells 
producing in 1914 is estimated to be not more than 1,400,000,000 bbl., 
making a total production of approximately 4,700,000,000 bbl. or 
approximately 2,350 bbl. per acre, which is hardly enough to saturate 
an oil sand 2 ft. thick of average porosity. 

Production Curves. — Another method based upon the history 
of adjoining leases gives an excellent means of arriving at esti- 
mates of what wells under similar conditions should do. 

The numbers at the left of Fig. 99, page 150, show the number 
of barrels of oil the wells produced. 
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The figures at the bottom give the number of months the 
wells have produced. 

The jagged lines show the production from month to month. 
As one can see, the production drops steadily the longer the wells 
are operated. 

Daily decline lines or curves may be computed in the same 
way. 

As the lines show, the initial or flush productions are large 
but rapidly decrease with age. No. 1 shows a high production 
of 312 bbl. at the end of first month; 120 bbl. at the end of the 
second month; 248 bbl. the end of the third month; 92 bbl. the 
end of the fourth month; 75 at the end of the fifth month, etc. 
At the end of the first year the production was 20 bbl. ; the end 
of the second year was 8 bbl.; and at the end of the fourth year 
less than 4 bbl. 

Such a method gives an excellent working basis for computing 
expected performance of nearby properties. 

Acreage per Well. — The area drained by one well is variously 
estimated at from 1 to 10 acres. Little definite information 
is available as to the acreage per well that gives the best results. 
Four to five acres is accepted as good practice, but whether or 
not this is the best figure, cannot be said at present. Some opera- 
tors space their wells 100 to 800 ft. apart, varying the distance 
inversely with the richness of the "sands.'' Taking 5 acres 
as a basis, 128 wells per section (640 acres) would be required. 

In some estimates, 1 well to 8 acres is considered ample, 
or 80 wells per section. No rule can, however, be set, as the 
porosity of the sand, the gas pressure, and the dips vary greatly 
in different fields. 

The more porous the sand, the stronger the gas pressure and 
the greater the dip, the less number of wells required to drain a 
property. With compact sandstones, low dips, and weak gas 
pressures, more wells will be required. The writer has personally 
known wells 500 ft. and 600 ft. apart to draw oil, one from the 
other, but the sands were porous, the dip 18 ft. to the 100 ft., and 
the gas pressure high. On a structure with steep dips it is bet- 
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ter to locate wells closer together across the dip than down the 
dip. 

At Beaumont, Texas, on the famous Spindle-top, wells were 
drilled so close that derricks overlapped. In some of the Gulf 
Coast^fields three and four wells per acre is not unusual. Leases 
on 1-acre tracts have been sufficient to make fortunes, but from 
the best operating standpoint, such leases are wasteful since the 
gas pressure is reduced so quickly where the fields are closely 
drilled that the production is lost quickly. 

In fields like Paola, Kansas, and Brownwood, Texas, where 
town lots 50 X 100 ft. are drilled, the fields exhaust quickly. 
One well secures all the oil that a dozen or more sucb wells secure. 

Depth is of course an important factor. Where theioil is shal- 
low depth, say 500 ft., an operator can drill wells more cheaply 
and quickly than where 2000 or 3000 ft. deep, and common 
practice is to do so. In many shallow pools 200 to 1000 ft. deep 
it is not unusual to see one well to 2 or 3 acres. 

The specific gravity of the oil is also a factor. Where the oil 
is light, fewer wells will be required than where the oil is heavy, 
since Ught oils move more freely through the sands. 

Mark L. Requa shows a chart (see Fig. 100, page 154) which 
is very instructive. 

• This interesting if arbitrary method of well spacing is employed 
by some California operators. 

In order to divide the area into drilled and undrilled portions, it was 
found necessary to construct a table showing definite well spacing for 
the varying conditions of depth, thickness of sands and gravity of the 
oil. The thickness of the oil sands underl3ring each property is un- 
doubtedly a factor to be reckoned in the ultimate production per acre, 
but as in the majority of areas considered in the valley fields the sands 
are thickest in the shallow wells and thinnest in the deepest ones, this 
fact could be taken care of by judicious use of the chart. Since the 
gravity of the oil, as a general rule, varies from heavy, viscous grades in 
the shallow wells to light, mobile oils in the deeper ones, this also is 
taken into account. Fig. 100 was constructed by collecting and tabulat- 
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ing data on all the fully drilled up conditions of the properties in the 
San Joaquin Valley oil fields. 

The well-spacing chart is constructed so that the spacing of wells from 
750 to 3000 ft. in depth can be established. The, varying depths are 
shown at the base of the chart and the spacing either in acres per well 
or the distance between wells is shown in the left-hand margin. The 
four diagonal lines are used for the varying gravities from 16® to 24**, 
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Fig. 100.- 



Dcipth of Weill 

-Spacing chart for California wells of varying depths. 
(After Mark L. Requa.) 



inclusive, 25 to 29® inclusive, and 30** and higher for the three succeeding 
lines. The chart was used as follows: 

From the logs of the wells in the immediate vicinity, the average depth 
of the new wells to be drilled in the undrilled area was determined and 
the point selected on the diagonal line corresponding to the gravity of 
the oil to be obtained. Tracing this point horizontally to the left- 
hand margin, a figure is found which gives the spacing for this depth. 
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EXPULSIVE FORCE OF GAS 

The most natural and best expulsive force for crude oil is the 
natural gas in the sand. 

When an oil sand containing gas under high pressure is tapped 
by the drill the gas drives the oil into the hole and tends to force 
it to the surface. Where the gas pressure is great enough the 
oil is shot out of the hole. This force is too often wasted. 

A well located high on a fold may carry gas and but little oil. 
Some operators in their desire for oil only, let the gas escape 
with the hope that oil will finally enter into the well as the gas 
pressure weakens. Often such is the case but oiily after millions 
of Cubic feet of gas have been wasted. This weakening of the 
gas pressure in one well or a few wells affects the whole field and 
reduces the pressure so that pumping is resorted to earlier than 
necessary. 

A proper understanding of this feature would result in conserv- 
ing the gad and making it lift the oil. Also, as the gas is with- 
drawn water often enters the sand and flooding commences. 

The general tendency of oil men to drill a large number of wells 
to obtain the oil quickly results in exhausting the gas long before 
the oil is exhausted. 

While large quantities of oil may be lifted with the gas, the 
amount of oil that would have been obtained if the gas were 
properly used would have been much greater. 

This is well illustrated by the California operators in the Mid- 
way area of the San Joaquin Valley, California. In some of the 
big wells owned by the Union Oil Co., the wells made as high as 
2000 to 5000 bbl. of oil per day through orifices % in. in 
diameter. 

The wells flowed for many months at this rate, the gas pressure 
remaining high. Ultimately the amount of oil secured was much 
greater than could be obtained by letting the wells run wild. 

Much of the rich volatile hydrocarbons so valuable for casing- 
head gas are lost by the. waste of natural gas. 

Dry Spots. — In some producing areas, it is not uncommon to 
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find non-productive spots in the midst of producing properties. 
Such spots may be due 

1. To local hardening, or cementation of the sand grains. 

2. To island conditions, left as a result of unconformities. 

3. To lensing of the oil sands. 

4. To deep seated faulting. 

None of these conditions can be foreseen, unless there are a 
number of drill logs available, or the history of a field points to 
such conditions. 

Operating Problems. — The problem of securing the greatest 
quantity of petroleum from a property is intimately associated 
with the problems of securing: 

1. The greatest quantities of petroleum from the neighboring 
properties, and 

2. Protecting property from drainage by others. 

Many other minor problems, such as water troubles (sometimes 
a serious menace to a whole oil field), cave-ins, collapsed casing, 
leaks due to filling of dry sands, and others, will be treated after 
considering the main problems of well-location. Consider the 
problems involved in securing oil from neighboring properties. 
Fig. 98a, page 147, shows a number of properties surrounding F; 
there are C/, F, and W above Y on the dip ; there are T and X on the 
sides of F; and there are S, R and Z below F on the dip. The 
three sets of properties require different treatment for offense and 
defense. In a new field where the gas pressure is strong, the oil 
generally tends to migrate upward from points lower in the sand. 
However, in older fields, the tendency of the oil is to move 
downward under the effect of gravity. Friction, in some cases, 
especially where the dip is slight, will keep oil from traveling 
downward. 

Offensive Tactics. — The usual practice of offense consists of 
the following elements. 

1. To sink wells before neighboring companies drill. 

2. To drill holes of larger diameter than those of the neighbor- 
ing companies. 

3. To drain sands unknown to the neighbors. 
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4. To place the wells so as to be sure of draining as much 
territory as possible. 

5. To speed the wells as fast as possible. 

It is almost a self-evident fact that the first well in a field 
has an advantage over all other wells, other things being equal. 
If one company completes a well a month ahead of another, it is 
but natural that the first well will take the cream of the produc- 
tion. But more than this is likely to happen. The first well 
may form channels which will efiFectually drain a territory, and 
a neighboring well or wells will sufiFer in consequence. (See Fig. 




Fig. 101. — Ulustrates how well No. 1 drains oil from Nos. 2, 3, 4, and 6. 



101.) This was supposedly the reason for the barrenness of the 
wells contiguous to the Lake View gusher. In this case the 
theory seems correct, as recent reports indicate that wells nearby 
have greatly increased in production since the great gusher ceased 
flowing. 

Casing Sizes in Wells.— Wells that have 8-in. casing certainly 
have an advantage over wells that have diameters of 4 and of 6 
in. The larger casing will stand more rows of perforations, which 
means a greater surface exposed to the oil. Also, the interior 
of the casing will give a larger collecting basin for the oil. In this 
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latter case the ratios of the larger casing to the small will be 8': 
6^ : 42 or 64:36 : 16. Thus the 8-in. hole will give four times the 
collecting basin of the 4-in. hole and nearly twice the basin of the 
6-in. hole. However, the relative exterior surface exposed to the 
oil sands will not bear the same ratio. Perforations vary greatly 
in size, from ^ by ^ in., % by 2 in., >^ by 1 in., to '^i by 3 in. 
and larger, depending upon the types used. Generally these 
perforations are in longitudinal rows and evenly spaced, one 
every foot or 6 in. A 4-in. casing is given three rows of perfora- 
tions, a 6-in. casing four rows, while an 8-in. casing carries five 
to six rows of machine-made slots. Where a rolling knife or 
casing "splitter" is used, there is little regularity of rows. If the 
size of the perforations is the same and the spacing equal, the 
ratios are 6 to 4 to 3. The 8-in. casing exposes twice the surface 
of the 4-in. and one and one-half times the surface of the 6-in. 
The advantage then is certainly with the larger casing. 

It must not be supposed that the increase in the amount of oil 
obtained is in proportion to the ratio of collecting area, or of per- 
forated area. However, where the sands are fully saturated, the 
advantage is with the larger casing. 

The sizes of holes given above apply more particularly to pimip- 
ing wells. Where flowing wells occur, smaller holes, such as 3-in., 
have of necessity been used, in deep territory, 3000 ft. and over. 
The gas pressures in flowing wells are large and when confined to 
small casings have greater pressures than in larger holes. In 
small holes one can obtain large productions, 3000 to 8000 bbl. 
with less danger of injuring the wells than by letting them flow 
freely through larger casings. 

Oil Well Screens. — Oil well "screens" or strainers are often 
used instead of ordinary perforated casing. Screens or strainers 
are especially adaptable to soft, running sands. There are a 
number of types of screens or strainers upon the market: 

(1) The plain perforated screen; (2) the button type; and (3) 
the wire wrapped type. (Fig. 102, page 159.) 

All three types of screen have been used but the most successful 
and popular strainer is the wire wrapped type. 
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The perforated screen consists of casing with horizontal or 
vertical slits cut into the pipe. 

The button type is made by drilling circular holes in the casing 
and then placing copper buttons, with varjdng sizes of slits in 
them, into these holes. 

The wire wrapped screen is made by perforating casing as in 
the button type and then wrapping the casing spirally with wire. 
The wires are so spaced that spaces from 0.004 in. to }i in. can 
be used. The wire is on a bevel on the inside. This feature of 
the V-shaped wire is to prevent any particles of sand that work 
through the outer face of the screen from wedging tight around 




Fig. 102. — Oil well screen. 



the perforations. (See Fig. 102.) The per cent, of the open 
space exposed to the oil sand is from 2 to 3 times that of the ordi- 
nary, perforated casing. 

Unknown Oil Sands. — It may seem a rare occurrence for a 
company to tap oil sands unknown to its neighbors. This, how- 
ever, is not unusual, especially where companies have failed to 
prospect for deeper sands. It is then discovered too late that 
more venturesome neighbors have tapped the deeper sands and 
gained a good production at the first concern's expense, having 
drained much of the property of the careless operator. 

Competitive Adjacent Properties. — Again, companies often 
wilfully hold back information regarding their prospect holes, 
and give misleading information as to lower sands. However, no 
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company is under moral obligation to give information to com- 
petitors, unless prospect holes show water sands that may 
endanger the neighboring properties as well as their own. There 
are, however, cases that have been reported where concerns have 
deliberately flooded a field, or portions of it, to drive the oil 
from neighboring properties to their own, or where by destroying 
neighboring lands these companies have benefited by a loss of 
competition. 

The question of placing wells so as to drain the largest possible 
territory involves some interesting problems. One case in par- 
ticular seems worthy of study. In one of the Oklahoma fields, 
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Fig. 103. — Offensive system for property R. 

an independent operator held a very good oil property which he 
desired to develop. Upon investigation it was found that the only 
pipe line in this field was owned by a company which owned 
the leases on all the neighboring land. The independent opera- 
tor could not afford to build a pipe line of his own, and the cor- 
poration held him up for transportation. Obviously, the only 
thing he could do was to keep his land. Unfortunately for him, 
the opposing leases were lower on the dip, and as the opponent 
was developing its properties, the independent man was forced to 
give up hope of getting any oil from his property. The stronger 
concern would not buy his land, so that in time the property was 
exhausted without the independent obtaining anything for his 
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share. While this is an extreme case of drainage, the same 
principle applies to nearly all oil fields where one company is 
favorably situated to drain oil from others. 

The principal elements considered in placing a well to best 
drain a neighboring property are: (a) The spacing of wells, and 
(6) the degree of dip of the oil sand. 

Where an opposing company has already sunk its wells, there 
are certain Hues of procedure that may be successful. If its 
wells are far apart it will be of advantage to place wells at inter- 
mediate points as well as opposite the other wells. (See Fig. 103, 
page 160.) The wells on Y are spaced 700 and 800 ft. apart. Wells 
on R may then be spaced 350 and 400 ft. apart. This will force 
the Y operators to drill wells between the others. This being the 
case, the/2 operators have the advantage of being down the dip, 
and by placing back wells at points intermediate between the first 
row of wells (see Fig. 103, page 160), effectually cover all the line 
presented by F, and having more wells, should draw the oil more 
rapidly than the single Une of wells. This condition is by no 
means a theoretical one, but exists in a number of places, though 
often quite unnoticed. 

Speeding Wells. — Speeding the wells as fast as possible is 
one of the means of obtaining more oil than neighboring com- 
panies. But there is a decided Umit to such speeding. There 
must first be oil enough to pay for pumping wells rapidly. In 
some places the oil seeps into the well basin slowly and is pumped 
off in a few hours. Rapid pumping is here needless and expen- 
sive. In other places there is plenty of oil, but rapid pumping 
produces unfavorable conditions, such as drawing large quantities 
of sand into the well, and consequent trouble with the well. 

Then, too, there is a limit to the speed that the pump rods (sucker 
rods) will stand without breaking, and to the effect of the speed 
upon the pumping jack or upon the derrick and the machinery. 

In some cases where the yield of the wells could be increased, 
the effect upon the machinery might result in serious break- 
downs and accidents. A rational method of offense would 

combine all the elements outUned above. 
11 
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Defensive Tactics. — The problem of defense is next in order. 
The elements to be considered are much the same as those of 
ofifense. If a neighboring property is being drilled, wells must 
be drilled to offset the neighboring wells. If a neighbor finishes 
his wells with casing of large diameter he must be met with the 
same size or larger. If the neighbor penetrates sands not before 
known to exist, then the wells must be deepened to offset the 
wells of the neighbor. 

If there are two properties, W and X (see Fig. 104), with an 
anticline running through them, and plunging southwest as 
shown by the arrow and the underground contour Unes, locating 




Fig. 104. — Offensive method employed by X to drain W. 



is by no means as simple as most oprators would think. If a 
well on W is placed on the axis of the anticline, the X operators 
without studying the geological side of the question would ordi- 
narily place an offsetting well at loction No. 1. The location 
at No. 1 does not, however, properly offset the W well which is 
drawing oil from both flanks of the anticline and along the axis. 
To offset the W well place a well on X at No. 2. By placing a 
well in this way No. 2 pulls oil from both sides of the anticline 
and being lower on the plunge of the anticline will draw oil from 
the W well, thus effectively protecting the X property. 

Even if the W well has not been drilled it is best to locate a 
well on X at No. 2, as a well at that location draws from both 
sides of the anticUne and from below. To offset the X well the 
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best possible location on W would be on the axis of the anticline. 
Even then the W well is at a disadvantage as it is up the plunge 
from No. 2 and the oil will naturally gravitate to No. 2. 

Often (indeed, in most cases) a property may embody the 
principles of ofifense against properties higher on the dip and 
defense against properties lower on the dip. Thus, in Fig. 98a, 
the properties U, V, TF, T, and X are on the defensive against 
F; and Y is on the defensive against properties S, /Z, and Z; 
also, in Fig. 103, page 160, Y is on the defensive against R. In this 
latter case, when wells are drilled on R intermediate between those 
on y, the operators on Y should have met this attack by drill- 
ing wells to offset those on R. When the R wells are pumped 
rapidly the Y wells must be speeded to meet the increased drain. 
Indeed, the Y property is at a decided disadvantage as regards 
attacking R. Such being ^he case, all that can be done is to 
keep up as vigorous a defense as is possible under the conditions. 
Different systems of ofifense and defense have been worked out 
by many companies. However, the problems presented here 
embody the essential features of such systems. 

Key Wells. — An interesting application of geology occurs es- 
pecially in the Kern River field of CaUfornia, where water 
troubles are greatly lessened by what is called the ''key-well'' 
system. Fig. 105a, page 164, shows six wells located on a mono- 
cline. The direction of dip is shown by the arrow. The cross- 
section (Fig. 1056, page 164) shows the underground structure. 

Water naturally gravitates toward the lower well. By using 
an air-compressor, water may be pumped from the formation 
very rapidly. By this method of pumping, one well can with- 
draw most of the water from the oil sand and lower the percentage 
of water in the petroleum that comes from the other wells. In 
some cases, production has been increased from 100 to 500 per 
cent, besides lowering the water content. The explanation of 
this increase in production seems to be in the fact that water and 
oil form a heavy emulsion that does not pump readily and also 
seems to clog the water sands. The decrease in water pressure 
also keeps the water from driving back the oil. 
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The method shown above may be reversed. At Bradford, Pa., 
and in West Virginia water is introduced into the lower well under 
great pressure. The water forces the oil up the dip to the oil 
wells. Wells that produce from >i to 1 bbl. have gained to 3 
and 4 bbl. per day. Of course, such a procedure is not sanc- 
tioned by law, but it has been employed, nevertheless. 

Compressed air has been employed to recover oil. The air is 
forced into the oil zone through a. well, or wells, and the oil is 
forced to migrate from the neighborhood of the key well or wells 




to wells that are pumping oil. Compressed aii, used in such a 
way is expensive, but very favorable results have been achieved. ' 

Vacuum pumps are used in many places to secure casing-bead I 
gas, and also to increase oil production. The suction induced by 
a vacuum is sufficient to cause a flow of oil to the wells on which 
the vacuum pumps are used, and to completely rob other neigh- 
boring wells not employing a vacuum. 

Dry Oil Sands {See Fig. 106, page 165). — Dry oil sands may 
cause a loss of production Uttle suspected by many operators. ■ 
Where wells are drilled deeper than the productive strata, and are 
left open or free of easing below the oil sands, petroleum will fill 
the lower dry sands and escape. This condition occurs in some 
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wells that have been drilled carelessly. Wella are sometimes 
pumped far below the productive strata. Such cases are due to a 
carelessness, but they exist. Where there are holes in the easing 
similar leakage may result. The remedy, of course, in the latter 
case is to replace the casing; in the former, to plug the hole just 
below the oil sand. 



Fio, 106. — Shows oil entering dry sand below. 

Gas will escape in a similar manner. Indeed as gaa can travel 
where oil cannot, gas is even more likely to escape than oil. 

Underground Mapping. — In many fields, after careful cross- 
sectioning and contouring, it has been shown that in places pro- 
ductive sands have been passed through without being known. 
Later, by perforating the casing in the old wells or by drilling 
new ones, production has been obtained from the neglected 
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Practical Application of Structure Contour Maps. — A properly 
made contour map will bring out points that may save many 
thousands of dollars in later oil-field development. Two illus- 
trations of such usage are enough to show some of their advan- 
tages to the oil mau. 

Case I. — Fig. 107 shows a gas well at No. 1, an oil well at No. 2 
and a dry hole at No. 3. The question now is where should the 
owner of "X" locate next to secure a well. The producing well 
at No. 2 is practically on the 980 leviel; No. 3 is just below the 




Fig. 107. 

970 contour. By following it around it is seen that the edge of 
that level is near the edge of "X." Therefore there is little 
chance for property ''X" to obtain wells below the 970 line, and 
the property should be abandoned. Likewise No. 2 sets the 
limit of drilling on the "22'' property. However, a dry hole at 
No. 4 on the West is shown above the contour line of 970, but 
production js not limited there. This is notably the case where 
the normal dip is broken by a short reversed dip. 

Case II. — A property is for sale. What will be the possibilities 
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for oil on that property? From the map it is plain that there is a 
chance to obtain as good producing wells on "Y" as on "R," as 
the 980 contour line iaeludes all but a small portion of "Y" 
within its limits. 

Property "Z" will be of little value though there is a possi- 
bility of a Ime of wells along the north boundary on the same level 
as well No. 2. 

Inclination of Oil and Water Contact. — The use of the term 
water level has been recently proven a misnomer. 

Wuh ZnV 



Fio. 108. — Oil and water contact is an inclined plane. 

Oil does not lie level on the water below. The contact may 
rather be considered as an inclined plane. (See Fig. 108.) 

On the steeper side of the fold the water-plane extends higher 
on the fold than on the side of least folding. (See Fig. 108.) 

It will also be found that oil extends further down the plunge 
of folds than would normally be expected. 

These facts must be taken into account in estimating the proba- 
ble extent of oil bearing areas. In the Mid-Continent area the 
common practice is to aasume that the oil will extend twice as 
far down the long slope as on the short or reverse slope. 



CHAPTER IX 
WATER, THE ENEMY OF THE PETROLEUM INDUSTRY 

The danger of water in oil fields must not be underestimated. 
Water flooding is a danger often present where care is not taken 
in advance to protect the wells. 

California operators had a serious fight against water flooding. 
Their county protective associations and now their State Mining 
Bureau hj^ve had a constant struggle to obtain mastery. These 
associations have literally saved many millions of dollars and 
lengthened the lives of the fields by proper protection. 

In Oklahoma, Cushing furnishes an example of unnecessary 
flooding due to carelessness and sheers tupidity. Augusta, 
Kansas, also furnishes an example of flooding that can be largely 
checked. 

In both these fields the conditions show wells that have been 
drilled too deep or water sands have not been properly shut off. 

Legislation has been enacted in various states to cope with the 
situation but until a thorough understanding of the principles 
involved has been grapsed, remedial legislation will bear little 
fruit. Oil operators are very set in their ideas. Many of them, 
especially those from the Appalachian area have had little diffi- 
culty with water flooding and do not attach the importance to 
flooding that the California operators do. 

Water troubles are not simple to remedy but before real 
remedies can be applied the true situation must be ascertained. 
The money expended in carefully studying and mapping areas 
troubled with water will be repaid times^ over by solving the 
problems involved so proper remedial methods can be applied. 

The following analysis of water troubles embodies the general 
principles underlying water protection. 

168 
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There are two main sources of water in all oil fields: water 
confined in the oil-bearing strata, and water occurring separate 
from the oil zones. In the first case water is sealed in the oil sand 
and normally underlies the oil and gas. It may be sulphur or 
salt water, or, in fact, may contain many minerals. Originally 
it was meteoric or rain water that percolated through the earth 
until it reached the oil strata, where it was sealed or held in by the 
shaly or clayey beds that generally are found above and below 
the oil sands. In some cases, however, this water is the sea 
water penetrating the shales and sands before folding occurred. 
This water is generally under rock or gas pressure and as it is al- 
ready in the oil zone, there is no way of eliminating it as a source 
of trouble. However, where there are two or more oil zones 
and but one is troubled with water, there may be great economy 
in shutting off one of the troublesome zones. On the whole, 
water confined to the oil zone is less dangerous to the industry 
than water occurring in other than the oil zone. It may occur 
above, below, or between the oil strata. (See Fig. 112, page 171.) 
Generally under head and occurring in large quantity, it becomes 
a source of great danger to an oil field when it enters the oil zones; 
indeed, it is the water most to be feared and to be guarded 
against. Obviously, such water enters the oil zones only as the 
result of artificial or man-made causes, as the oil zones and water- 
bearing strata are separate and distinct. Earthquakes or vol- 
canic upheavels may cause faulting and shattering of the for- 
mations to such an extent that water enters the oil zones from the 
separate water sands, but for all practical purposes the latter 
causes will not be considered. 

Two sources of water have been discussed. For the sake of 
clearness all those waters originally confined in the oil zone will 
be called primary waters, and all waters occurring in strata 
separately from the oil zones and entering the oil zones from 
artificial causes will be called secondary waters. These defini- 
tions refer to the original sources of the water. The terms 
"bottom water," "surface water" and "edge water" are in 
constant use by oil men to express the occurrence of water in 



170 PRACTICAL OIL GEOLOGY 

oil zones, especially in newly drilled wells. As these tenhs do 
not take into account the source of the water, whether or not 
it was originally confined in the oil zone by natural processes 
or whether or not it was introduced by artificial means, the more 
exact classification as given above will be used. 

Primary-water Troubles. — Primary water, as before mentioned, 
lies at the bottom of the oil sand under pressure. As the gas and 
oil are withdrawn from the sand the water rises to replace them. 
In time, nearly all the oil is drawn from the sand and only the 
water is left. The field must then be abandoned. This is the 



result of natural exhaustion and is expected in every field. 
Where there is but one oil zone, little avoidable danger or trouble 
occurs. Assuming, however, two strata (Fig. 109), as commonly 
is the case, water will rise from the lower stratum B into the 
upper stratum A, unless proper precautions are taken to avoid 
this condition. Where the gas pressure is strong the water in 
B will be driven into A. Especially is this true when zone B 
becomes all or nearly all water. (See Fig. 110.) By properly 
confining the water to the bottom zone, water troubles would be 
averted for a time. Again, there is an extreme condition, as 
shown in Fig. 70, in which the water takes possession of A 
and then enters B. This condition requires that the water in 
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A be kept from B by methods differing from those used in the 
two previous cases. These methods will be discussed later. 

Figs. 110, page 170, and 111 illustrate the extremesof water flood- 
ing. These conditions are theoretical, but are closely approxi- 
mated under actual conditions. Generally all the oil is not driven 
from the well, but some remains as an emulsion of finely particled 
oil and water which is vfery difficult to treat. However, the 
two cases given set the limits within which all primary-wster 
troubles of the flooding type may be placed. 



Secondary-water Troubles. — Secondary water enters the oil 
zones due to four causes, namely: (1) Accidents to the casing, 
used in shutting off the water sand; (2) faulty cementing of the 
water sand; (3) cave-ins due to the withdrawal of a large quantity 
of sand from the oil stratum, thus allowing water to enter the 
oil zone from above; and (4) where no effort has been made to 
shut off the water formation, especially in prospect holes. 

Accidents to the casing that shuts off the water may result 
from the dropping of sharp-pointed tools, bailers or sand pumps 
into the hole, or from falhng tubing. The casing may be cor- 
roded by the action of the minerals in the water, and later 
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collapse. The eroding action of sand in a flowing well is often 
sufficient to cut the casing. Sometimes the casing is defective 
or is not put together properly. Again, the sudden shifting of 
the sands in the oil zone may cause the casing to pull apart or 
break at the water string. 

Accidents to the cement may result from the same causes as 
enumerated above, without, however, affecting the casing to any 
marked degree. Again, the cement may be improperly mixed; 
the action of the water upon it may destroy its efficiency; or it 



may be so porous that it will not withstand the water which 
seeps through it, and in time wears large channels. Where the 
water pressure is great, the cement may be ineffective. 

Cave-ins around the casing (Fig. 113) are of common occur- 
rence in the California fields. 

Where large quantities of sand, often 50,000 to 100,000 cu. 
ft., are taken from the oil zones, there must of necessity be left 
some form of cavity underground. This cavity leaves the roof 
above it unsupported. Where this roof consists of soft shale or 
clay cave-ins are inevitable. If the distance between the oil 
zone and the water stratum is sl^ht, such a eave-in would as- 
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suredly admit water to the oil sand. As this question is one of 
great importance a fuller discussion will be given farther on. 

In cases where no effort is made to shut off water the con- 
sequences are often very dangerous to the life of the field. Then 
the water has free scope and soon floods the near-by portion of 
the field and later may spread over a large extent of good terri- 
tory. ''Wildcat" drillers are especially prone to neglect the 
proper precautions to shut off water. When the speculator 
strikes oil, he sells his property and leaves the purchaser to 
shoulder the burden of responsibility. Sometimes these prop- 
erties stand idle a long time and in consequence become worthless. 

Determination of the Source of Water. — It is no easy matter 
to determine the source of the water or the cause of its appear- 
ance in a well. To effectually remedy water evils, such informa- 
tion is essential. 

There are four sources of evidence from which one may draw 
,the needed information, as follows: (1) Evidence derived from 
the chemical and physical properties of the water itself; (2) from 
the neighboring wells as shown by their structural relation to 
the well in question; (3) from the drill logs, and (4) from me- 
chanical tests made on the wells by using drilling tools, plugs, 
bailers, pumps, testers, etc. 

1. Chemical and Mechanical Tests of Water. — The 
evidence derived from the study of the chemical and physical 
properties of the water is unreliable except in a few special 
cases. Both the primary and secondary waters may have the 
same composition due to their similar origin. This, however, 
is not always the case. Sometimes the primary water may be 
saline and the secondary sulphurous. 

In this case, or in similar cases, no difficulty would appear. 
There are, however, oil fields in which the secondary water is 
saline and sulphurous in different parts of the field, but in the 
same geological horizon. Obviously, the occurrence of salt or 
sulphur water rin the oil zone would mean nothing definite in 
such a case. 

Where careful tests have been made of all the waters in a 
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field", the presence of a new or unusual water in the oil zone would 
point to a primary water. It is, however, almost impossible 
to obtain careful analyses of all the waters in a large oil field aiid 
to properly correlate them. Waters in the same horizon and 
but a quarter of a mile apart often differ greatly in their per- 
centage composition of salts. Again, the waters in the oil zone 
may show marked differences. Such being true, it is obvious 
that little reliance can be placed in chemical and physical tests 
unless exhaustively made to completely cover an entire field. 
Taken in conjunction with other evidence, however, the chemical 
and physical differences of waters may be of marked value 
in assisting one to determine the source of the water. 

2. Evidence of Neighboring Wells. — The second source of 
evidence gives some valuable aids. If the water is confined to 
but one well while the wells on all sides show no water, then the 
water must be local and secondary. In such a case look for 
defective casing, defective cement, or for a cave-in. 

If the neighboring wells higher on the dip of the anticline, 
monocline, terrace or other structural feature show water, while 
the wells below do not, then the water is secondary and one must 
look for causes in keeping with such a source. 

If the wells below show water, while the wells above do not, 
then the evidence points to primary water. This, however, is 
not conclusive unless it is known that the lower wells have no 
casing troubles or give no evidence of cave-ins. 

If the wells both above and below show water, then the evi- 
dence points to either primary or secondary water, unless the 
percentage of water in the wells increases lower down the dip. 
In such a case the evidence points to primary water. This is not 
conclusive by any means, since the closer one approaches to a 
leaky well the greater is the percentage of water in the oil. This 
evidence, however, gives one a clue that may prove of great value 
in solving water problems. 

Indicators. — Indicators have been successfully used in many 
cases to trace the source of certain waters, to determine the rate 
of travel of underground waters and like data. As applied to 
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oil, their use is quite limited. Such tests have in some cases 
proved successful. These cases were where the wells were close 
together. Where two or more wells a-re within 300 to 600 ft. of 
one another, indicators can be used successfully, but it is by no 
means easy to test wells several hundred yards apart by this 
means. The rate of travel of the indicators is so slow, the area 
over which the indicator will spread so large, and the final 
quantity of indicator received so small, that it is out of the 
question to use indicators successfully unless a well-defined 
channel exists between two wells. 

3. Evidence of the Drill Logs. — The third source of 
evidence, drill logs, is extremely useful. The drill logs show 
the number of water sands and their relation to the oil sands. 
From these logs one can also determine the thickness, the hard- 
ness, and the quality of the strata lying between the oil zone and 
the water formation. The character of the oil sand itself is also 
shown in properly kept logs. These facts are all important in 
determining the probable conditions in the well. 

If the roof or capping overlying the oil sand is several hundred 
feet thick, the probability of a cave-in is greatly lessened. If 
the roof consists of a hard sandstone, or of shale interlain with 
sandstone layers several feet thick, the probability of cave-ins 
admitting water is almost nil. Where a few feet of shale sepa- 
rate the water formation from the oil zone, cave-ins would 
undoubtedly admit water to the oil zone. 

If the oil formation consists of a coarse gravel, cave-ins would 
be precluded. The fine sand is drained from the gravel leaving 
minute interstices between the pebbles but no large cavity, con- 
sequently an unsupported roof is not very likely. 

Cave-ins result in the presence of a large quantity of shale in 
the oil, in collapsed casing, and often in a diminished production 
of oil. Underground cavities play a more important part in the 
life of an oil well than is generally accredited to them. Especially 
is this true in the California and the Russian oil fields, where the 
oil strata consist generally of unconsolidated sands that are 
readily pumped from the well. The presence of dangerous 
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cavities would seem to depend in these fields upon the dip of the 
oil sands. Surface observations show that saturated oil sand 
has an angle of repdse varying between 10® and 15®, or a slope of 
between 17 and 24 ft. in 100 ft. The greater the degree of satura- 
tion the less the angle of repose within the limits imposed. Such 
being the case, it would follow that where the dip of the oil 
stratum is equal to or greater than the angle of repose no cavities 
would exist around the casing. The angle of repose would be 
modified to some extent by the gas pressure and also by the back 
pressure exerted by the column of oil that rises in the casing. 
The underground angle of repose should, however, approximate 
the angles determined from observations taken as the sand stands 
in the sump holes. As the likelihood of cavities depends upon 
the degree of dip of the oil strata it is evident that where the 
angle of repose is greater than the degree of dip, cavities would 
occur around the casing. 

4. Evidence of Mechanical Tests. — Mechanical tests are 
any tests made by means of the tools and other implements used 
in drilling operations. These tools are generally bailers or sand 
pumps (see Fig. 114), packers and plugs (see Figs. 115 and 116, 
page 177), casing testers, and lifting pumps. Swedges may also 
be included. By placing a casing tester below the water string 
it is a simple matter to test for leaks in the casing. 

The casing tester is a temporary plug that will not allow water 
or oil to pass either above or below it, as it fits snugly inside the 
casing. The oil and water above the tester are bailed or pumped 
out of the hole and the tester is then left in the well a few hours. 
Later the hole is bailed or pumped out and the fluid examined 
for evidence of water. The same method applies to testing the 
oil zones for water. The casing tester is placed below the top 
oil zone and this zone is then tested either by bailing or pumping. 
If it is desirable to test the lower zone a different procedure is 
necessary. A tubing packer is placed low enough on a string 
of tubing to shut oflf the upper oil zone or zones and the lower 
zone is then tested by means of a lifting pump or by using a 
bailer of a smaller diameter than the tubing. If the casing has 
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collapsed and will not admit a tester, a swedge (see Fig. 117) — a 

cigar-shaped tool— is introduced into the hole and used to clear a 

passage for the tubing. 
By means of mechanical tests the condition of the casing is 

determined. The particular oil zone or zones that are troubled 
with water are shown and leaks in the water string 
are located. Further than this the mechanical 
tests cannot go. If water is present in the oil 
zones, it may be primary or secondary. If the 
latter, it will come from neighboring wells or cave- 
ins around the casing; if the former, it will show 



in wells lower on the dip. Such being the case, it is clear that 
mechanical tests must be used in conjunction with the other 
sources of evidence to obtain the best results. No single source 
of information furnishes absolute proof. 

Treatment of Prunary Water Troubles. — Primary water, as 
already stated, ultimately replaces the oil in every field. This 
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being true, the only course left to the operator is to prolong the 
life of the well by taking every proper precaution to take the oil 
from above the water level. If the primary water level is known, 
it is not a difficult matter to place a wooden plug or bottom packer 
a few feet above the water level. In this way the oil is taken 
from the well without taking much if any water. Slow pump- 
ing is also required so that the water will not be disturbed and 
drawn out with the oil as an emulsion of oil and water. As the 
water rises new plugs must be inserted until the oil is exhausted.^ 

Where there are two or more oil zones, one of which has gone to 
water, it is best to isolate the faulty zone. This may be done 
in several ways: where a lower zone causes the trouble a bottom 
packer placed above the lower zone and below the upper zone or 
zones effectually keeps the water shut off. A bottom packer 
consists of a rubber plug with a tapering hole in it. A mandrel is 
driven into this hole (see Fig. 116, page 177) causing the rubber to 
expand, thus effectually plugging off the lower stratum. Where the 
troublesome zone is an upper zone, other methods must be used. 
In this case, the stratum will be treated as a water stratum and 
shut off by means of wall packers, seed-bags, cementing methods, 
or by setting the casing in a clayey or shaly bed. These methods 
require the pulling of the casing and perhaps a redrilling of the 
well. 

Wall packers (see Fig. 115, page 177) consist of two metal cylin- 
ders between which is placed a rubber cylinder, secured to the 
metal cylinders by some suitable device. By putting pressure upon 
the metal cylinders the rubber is caused to expand. This device 
is placed on the outside of the casing and by means of a spring, 
or simply by means of the pressure of the casing, the rubber is 
caused to expand, closing the space between it and the wall of 
the drill hole. There are several different styles of wall packers, 
but the principle is the same. 

Seed-bags are bags filled with flaxseed, beans, peas or wheat. 
These bags are placed at the bottom of the hole, preferably in 
some clay or shale formation. The bags fit the holes snugly and 

^Recently cementing methods have been successfully employed, 
especially in " shot " holes. 
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are rammed down with the drill bit. The casing is then let down 
upon the seed-bags, forcing part of the seeds between the casing 
and the wall of the hole. The seeds expand under the action of 
the water, and act as an effectual barrier. Later, the bag in- 
side the casing is drilled through. In some cases bags are tied 
around the casing and let down into the hole. 

Cementing methods have become very popular for shutting off 
water. Several different methods are in vogue. One requires 
that the casing be lowered into a bed of cement which fills the 
hole to some distance above the water sand. The cement 
hardens and later the cement inside the casing must be drilled 
through to reach the oil sand below. 

Another method requires that the casing be placed in the hole 
and raised above the water stratum a short distance. Cement 
is gradually pumped into the hole under high pressure and the 
casing then lowered. As the cement hardens it forms an effective 
barrier to water entering the drill hole and also keeps the water 
from coming in contact with the casing and corroding the 
same. Cementing material may be pumped into the drill holes 
or may be dropped in by means of bailers or tin tubes. 

One of the most effective and also the simplest methods of 
shutting off water sands consists first of drilling 10 or 12 ft. into 
a good clay or soft-shale bottom. The drill hole is then filled 
with fine mud to the height of 10 or 12 ft. The casing is let down 
on the bottom of the hole, the fine mud settles around it and 
when later drilling is continued through the casing, the mud 
around the casing forms a water-tight joint effectually sealing 
off the water stratum. Generally, however, the casing is driven 
10 or 12 ft. into a shale. 

Various other methods of shutting off water are used in 
different parts of the world, but the several methods described 
above are the principle ones. 

Treatment of Secondary Water Troubles. — Secondary water 
troubles are treated in a manner similar to primary water 
troubles. Where the casing is defective it must be withdrawn 
from the hole and replaced with new. This requires re-cementing 
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and calls for the methods outlined above. Where the cement in 
the hole is at fault the casing must also be pulled, and the casing 
reset and re-cemented. 

Where there have been cave-ins no safe method of procedure 
can be laid down. If a great deal of water enters the well it 
may become necessary to abandon it. This is ,true especially 
where there is but a single oil sand, but where two or more sands 
are present, the zone in which the cave-in has occurred may be 
isolated by one of the several methods used to shut off water sands. 

Prospect holes, especially ''wildcat" holes, when carelessly 
finished may threaten the life of an entire field. In some states 
such holes must be plugged. The law specifies the size of plug 
and the amount of covering above it. The importance of taking 
proper care of these holes must not be underestimated. The 
true remedy for flooding does not by any means lie in the treat- 
ment of water after it appears, but in taking every possible pre- 
caution to see that the casing and cement are intact when the well 
is first brought in. Later, accidents may happen or primary 
water may replace the oil, but these causes of trouble are 
unpreventable. 

Cave-ins, however, can be prevented by using strainers or 
screens in place of the perforated casing generally used in the 
fields. It is customary to cut a hole, square or round, and with 
dimensions anywhere from 3^i-in. diameter to 54-in. These large 
perforations admit a great deal of sand and in consequence cavi- 
ties form around the casing. Cave-ins may result, due to the 
cavities, conditions favoring them, and much damage be done 
to the well. Strainers would do away with cave-ins. These 
strainers are made by cutting horizontal slots in the casing with the 
width of the slots slightly smaller than the average diameter of 
the sand grains. By using either form of strainer a minimum 
quantity of sand enters the well, with the result that cavities do 
not form in the oil zone. Were strainers or screening used in the 
California fields more generally, disastrous cave-ins would soon 
cease. 

Where a neighboring well is at fault, cooperative methods of 



WATER, THE ENEMY OF THE PETROLEUM INDUSTRY 181 

treatment should be resorted to, unless the neighbor is unwilling 
to remedy the trouble in his wells. If such is the case, the state 
inspector should be called in and the repair work done at the 
expense of the unwilling neighbor. 

Protection from Water. — In some of the Californian fields, 
notably Coalinga and the Sunset-Midway district, water troubles 
have been actively combatted by the operators who created 
protective associations later taken over by the State. 

Every company is asked to furnish logs of its wells. Careful 
contour maps of the field are made from the logs, and the water 
and the oil strata are correlated. Armed with this knowledge the 
operators are better able to proceed intelligently in shutting off 
water. 

Changes in Well Tem.peratures Warn of Danger from Water. — 
A very ingenious method is employed by operators in the Baku 
oil fields of Russia to determine water troubles. In these 
fields the waters that flood the wells are hot. Every day the 
temperature of a well is taken. If the temperature increases 
3 or 4° it is known that water trouble threatens the well and 
remedial measures are at once taken. 

Mud-Laden Fluid. — Mud-fluid is commonly used in the rotary 
'and circulator systems of drilling, but the application of the 
mud-laden fluid to conserving oil and gas sands is compara- 
tively recent. The theory of the application is briefly given 
below. The details of its use will best be covered in the United 
States Bureau of Mines, Bull. 134. 

The mud-laden fluid is used to shut off gas and water sands by 
the introduction of a fluid sufficiently heavy to overcome oil or 
gas pressures that will not be overcome by an ordinary head of 
water. Also the finely particled mud acts as a medium of plug- 
ging off oil and gas sands without letting the water enter the 
sands as is the case with clear water. 

Mud-laden fluid, as defined below, has properties decidedly 
different from ordinary water or from that of a super- or over- 
saturated mixture of mud and water. It is a mechanical mixture 
of mud and water. 
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Mud-laden fluid consists of finely divided clay or mud held in 
suspension in water. The mud must be of such consistency that 
the particles will float in the water and will not settle to the bot- 
tom when standing. The clay must be pure and not sandy. 
The specific gravity of such mud-laden fluid should not be over 
1.32. By volume it consists of 16 to 20 per cent, of the mixture, 
and by weight 30 to 40 per cent, of the mixture. 

Pure water may temporarily "drown" or deaden a gas sand, 
but in time escapes into the sand or is blown out of the hole when 
the gas pressure is a little above the pressure of the water column 
especially if its water escapes into the sand. Mud-laden fluid is 
sufficiently heavy to overcome high gas pressures. A column of 
mud-laden fluid 1 ft. high with a cross-section of 1 sq. in. and 
a specific gravity of 1.32 exerts a pressure of 0.573 lb. per 
cu. in. as against 0.434 for pure water, or 573 lb. per 1000 ft. 
as against 434 lb. per 1000 for pure water, and has the very great 
advantage of not escaping into the sands, nor does it pack or settle 
around the casing in such a way to as "freeze" or bind tight the 
casing. Casing standing in wells for 5 years has been pulled 
freely from the mud-laden fluid. 

Mud-laden fluid and its use is simply a very efficient method of 
packing off gas, oil, and water sands, in place of cementing and 
the older methods. 



CHAPTER X 



NATURAL GAS— CASING-HEAD GAS 



Definition. — Natural gas is any gas formed in nature, as for 
example, marsh gas, sulphur dioxide, carbon dioxide (the "choke 
damp" of the mines), sulphuretted hydrogen, and petroleum gas. 

However, as generally understood, natural gas is the gas ob- 
tained from oil or gas fields, which is burned in our homes, and fac- 
tories in place of gases manufactured from coal or from petroleum. 

Geographic Distribution. — At present the main producing gas 
areas are in the Kansas, Oklahoma, Louisiana fields, in the Penn- 
sylvania and West Virginia, and in the California fields. 

Composition. — Natural gas is composed principally of the 
hydrocarbons, methane, (CH4) (commonly called marsh gas), 
and ethane (C2H6). 

Two elements, carbon and hydrogen, are the chief constituents 
of all natural gas. 

The analysis of four typical gases and one freak gas are 
presented below. 



Table XIV 














Sample, where taken 









1 

S3 
COt 


1 
N, 


1 

>> 

H 

H 


Other hydro- 
carbons 


W 
He 


5 

1 

n 




CH4 


CtH. 


B.t.u. per 
ou. ft. 


1. Pittsburg, Pa 


02.0 

02.0 

04.2 

38.76 

14.85 


3.0 

61.10 
0.41 


• • • • 

3.2 
1.0 
2.2 

• • • • 


2.0 
0.3 
4.8 

• -« • • 

82.7 


3 

• ■ 






078 


2. Midway, Cal. (Dry) 

3. Hogshooter, Okla. (Dry) 


3.2 


• • • • 


998 
1003 


4. Glen Pool, Okla. (Wet) 




• • • • 

• • • • 


• • • • 

1.84 


1551 


5. Dexter, Kansas 


Non- 




combustible 



Gases 2 and 3 are dry gases. Gas No. 4 is "wet" or casing-head gas, which contains 
petroleum vapors. Gas No. 5 is peculiar in that it contains 82.2 per cent, of Nitrogen; and 
1.84 per cent. Helium. 
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Origin of Natural Gas. — The origin of natural gas is as doubt- 
ful as the origin of oil. It may be of organic or inorganic origin, 
that is, formed by the decomposition of animal or vegetable 
matter, or it may be the result of the interaction of certain chem- 
icals lying at great depths underground. 

Some marsh gas is certainly due to decaying vegetable and 
animal matter, and it is not improbable that the natural gas from 
petroleum is also of the same origin. 

Methane is the most stable of the hydrocarbons. It is highly 
probable that the heat breaks up the more complex hydrocarbons 
to form methane, so that gas is being continually formed in the 
Earth wherever petroleum is found. 

It is not at all improbable that tremendous quantities of gas 
are formed in the change of lignite to bituminous coal, and from 
bituminous coals to anthracite. 

However, speculations along such lines lead to endless contro- 
versy, and for all practical purposes it is sufficient to note the 
occurrences of natural gas, and its economic importance, leaving 
speculations as to its origin to the future. 

Relation of Gas to Bituminous or Petroliferous Matter. — 
It is interesting to note that gas occurs in regions where lignitif- 
crous, bituminous, or petroliferous shales, are found. The gas 
generally occurs above the shales, or in porous sand lenses inter- 
bedded in the shales. 

The relation of commercial accumulations of natural gas 
to shales are important, as one would not care to locate a well 
in regions where shales carrying organic matter are absent. 

Some commercial gas had occurred in glacial drifts in Iowa, 
Illinois, and Kansas. The gas was, in all likelihood, marsh gas, 
resulting from the decay of vegetation, buried at shallow depths. 
It may also be possible to utilize the marsh gas formed in the 
Gulf Coast regions, where the marsh gas, if collected above 
ground would, in some places, have a distinct commercial value 
as fuel for houses. Tremendous quantities of decaying vegeta- 
tion occur along in the Coastal plains, and the utilization of the 
marsh gas, given oflf by that vegetation, is only a question of time. 
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Stratigraphy. — ^Natural gas occurs in formations of the most 
recent, to those of the early Paleozaic, Ordovician and Silurian 
age. In fact, gas seems to be found wherever decaying vegeta- 
tion or animal matter has occurred. Commerical accumulations 
are, however, dependent upon the trapping of the gas. The 
presence of natural gas in the older beds presupposes earlier 
vegetable or animal life, unless the gas has migrated from 
younger beds. 

Commercial Deposits of Natural Gas. — Commercial deposits 
of natural gas are dependent upon two essentials: 

1. A source of supply for the gas. 

2. Proper reservoirs. 

The source of supply has been treated under origin, but the 
reservoirs are the same as for oil. 

Migration. — In some cases the gas has, in all probability, 
migrated from lower beds to higher, due to unconformities, or to 
faulting. 

Gas due to its nature, travels wherever an opening is afforded, 
and only comes to rest where there is a relatively impervious 
covering to prevent its escape. The covering may be a compact 
limestone, dense shale, or closely cemented sandstone. 

Gas generally occurs with oil, but there are many productive 
gas sands which do not carry oil. These are called ''dry'' gas 
sands, to distinguish them from the gases carrying petroleum 
vapors. 

Gas sands occur above or below oil sands; also in districts 
where no commercial oil sands are obtained. 

Gas Pressures. — The pressures of gas vary in different fields, 
and for different depths of gas sands. There is, however, a 
remarkably close relation of the gas pressures to the depths of 
the gas sands, below the surface of the earth. Especially is this 
true in the Mid-Continent-Kansas and Oklahoma oil and gas 
fields, and in West Virginia. 

A well (see Fig. 118, page 186) 1000 ft. deep will have a 
pressure of 400 lb.; one 1500 ft., 600 lb.; one 2000 ft., 800 lb.; or 
approximately 40 lb. per 100 ft. A study of a large number of 
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wells shows that the pressure is approximately equivalent to a 
water column the height of the well. 

Allowances must be made for the differences in specific gravi- 
ties of the water, and the differences in elevations between the 
water table near the surface and the elevations near the collars of 
the wells. 

A column of fresh water 1 ft. high and 1 in. square exerts a 
pressure of 0.434 lb. per sq. in. Underground waters in the oil 
and gas fields have specific gravities of 1.0 to 1.3, which would 
make the water much heavier. 

In calculating, however, one can disregard specific gravities, 
and simply use 0.4 lb. This lower figure allows sufficiently 



Outcrop 




Fig. 118. — Showing occurrence of gas in top of folds. 

for the loss in theoretical head, due to friction and to differ- 
ences in elevation of the water table. 

Allowing for such irregularities the pressures are remarkably 
consistent; so much so that in regions like Oklahoma and Kansas 
the gas companies base their estimates of pressure^, and also 
figure the weight of fittings necessary to control the well upon this 
important relation. 

For example, fittings for a well 1000 ft. deep need only to 
withstand 400 lb. pressure. A factor of safety of 2 gives 800 lb. 

Such fittings will, however, be unsafe with wells 3000 ft. deep, 
where there is a pressure of 300 X 40 = 1200 lb. per sq. in. 
Fittings capable of resisting only the lower pressure, would be 
inadequate with the higher one. 
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There is considerable question as to the cause of the pressure, 
but there is no doubt that the rule holds with but few exceptions. 
There is such a close relation between the head of water and the 
gas pressure that the writer does not feel inclined to disregard the 
Artesian theory, especially for sands which are exposed to 
meteoric, or rain and snow water. 

The point is raised that if water is holding in the gas, that the 
water should replace the gas when the gas pressure is weakened. 
Such, in fact, is generally the case. The gas is withdrawn very 
rapidly. The water moves more slowly through the pore spaces 
of the sand, due to minute friction and adhesion, with the result 
that the gas pressures are reduced for a time. By shutting in a 
well, however, the gas pressure rises again, showing that hy- 
drauUc pressure is back of it. 

The writer fully realizes that artesian conditions do not apply 
at all places. At Fort Smith, Ark., little or no water is found in 
the gas sand. Pressures of but 145 lb. to 280 lb. per sq. in., 
instead of 400 to 800 lb., are obtained at depths of 1000 to 
2000 ft. The sands, however, are nearly free of water. (See 
Carl. D. Smith, Bulletin 541, U. S. G. S.) The writer under- 
stands that the synclines carry gas in that field. 

Maximum Gas Pressures. — Maximum gas pressures of 1260 
lb. are reported at Midway, Cal., by R. P. McLaughlin, Cali- 
fornia State Bulletin No. 69, 1915.— 1500 to 1700 lb. are reported 
in Green County, Pa., by I. C. White (W. Va. Geological Survey, 
Vol. la). 

Cementation as the Cause of Abnormal Rock Pressures. — It 
may be that where the pores in a reservoir are filled with cement- 
ing material that the gas pressures would be much above normal. 
If the original reservoir were reduced in size, due to cementation, 
the gas would necessarily he in a more contracted area and be 
under higher pressure. This may and probably does account 
for some abnormal pressures in gas fields. 

Gas Volumes. — ^A few calculations will give some estimate of 
the capacity of rocks to hold gas; also the large acreage that must 
necessarily be drained by gas sands. 
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Assume as a unit, a sand 1 ft. thick containing 20 per cent, 
voids, or pore space, per cubic foot, and covering 1 acre. 

An acre-foot or 43,560 cu. ft. of sand under the above conditions 
contains 43,660 X 0.20 = 8712 cu. ft. of pore space. 

If this space is filled with gas at atmospheric pressure it would 
contain 8712 cu. ft. 

Gas volumes are measured at an average mean atmospheric 
pressure of 14.4 lb. per sq. in., and at a pressure of 4 oz. (0.25 lb.) 
above the mean atmospheric pressure. The pressure approxi- 
mately corresponds to 14.7 lb. at 60° F., the pressure at mean 
sea level. We will accept the 14.7 in our estimates. 

Theoretically, the temperature at depth should be taken into 
account, but in an approximate calculation, like that below, such 
refinements are of little value. 

The number of expansions for 100 lb. ''rock" pressure would 

be 

100 + 14.7 ^ . 

fv-y — = 7.8 expansions. 

The total number per acre foot will be volume of gas X expansions 
^ 8712 X 7.8 = 67,952 cu. ft. per rock pressure of 100 lb. 
At 500 lb. rock pressure the expansions are 35, and the volume 
per acre-foot = 8712 X 35 = 304,920 cu. ft. 

T. ir^/^^ lU xl. • 1000 + 14.7 

For 1000 lb. pressure the expansions are rj^ = 69 

instead of 78, as one would at first imagine, the added 14.7 
lb. becoming of less consequence the higher the rock pressure 
becomes. The volume will be 8712 X 69 = 600,164 per acre-ft. 
If there were a gas sand 10 ft. thick and a pressure of 500 lb., 
the sand would contain under 1000 lb. pressure, 3,049,200 cu. 
ft. per acre. 

As several wild gas wells have produced from 30, to 70,000,000 
cu. ft. per day, and kept it up for months it is a matter of wonder 
to understand where the gas came from. 

The graphic chart (see Fig. 119, after U. S. B. M.) gives some 
idea of gas volumes in producing fields. This was taken at the 
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famous Caney, Kansas, gas-field, and shows the life of that 
remarkable field. 

The high average daily volume of 6,700,000 cu- ft. per well, 
with the rock pressure of 340 lb. per bq. in,, shows that such 
wells must have drained a very large area, indeed. 

Petroleum may act as a solvent for the gas, and hold tremen- 



Fio. lis. — Chart eh owa relation between gas or rock preBsure aod volume of gag. 

dous volumes in solution. Hydraulic pressures set up by hydro- 
static head are certainly not sufficient to liquefy the gas. 

Spacing of Gas Wells. — Gas has such mobility that one gas well 
situated at the top of a dome should in time drain all the gas from 
the sand. 
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Good practice, however, allows 100 acres of land per gas well. 
One well per 40 acres is the minimum of good practice. A well 
draining 100 acres with a sand 10 ft. thick and a rock pressure 
of 500 lb., would care for 304,920,000 cu. ft. of gas which is 
just about average practice. 

Heating Value of Gas. — The value of natural gas in heat units 
is approximately 1000 B.t.u. per cu. ft. The higher the per- 
centage of such hydrocarbon gases, as ethane, and propane, the 
higher the number of heat units. This is clearly shown in the 
analyses in Table XIV, page 183. 

Example. — No. 4 carries an unusually high percentage of 
ethane, which is higher in heat units than methane. 

In comparison to coal, petroleum, wood, or producers gas, we 
have the following table giving some comparative heat equiva- 
lents based on B. t. u.'s. 



Table XV 



Fuel 



B.t.u. 



Equivalent in 

fi.t.u.'s of 

1,000,000 cu. 

ft. gas 



Value 



Natural gas, per cu. ft.. . . 

Oil gas, per cu. f t 

Producer gas, per cu. ft.. 
Petroleum 14, B. gravity 
Coal (bituminous), per lb 

Wood per lb 



1.000 

850 

200 

18,500 

12,600 

5,000 



1,000,000,000 
1,176,470 
5,000,000 

160 bbl. 
40 tons. 

66.6 cd. (1 
cd.> 3,000 lb. 



® lOo. per 1,000 
@25c. per 1,000 < 
@5c. per 1,000' 
@$1 per bbl.^ 
@$2.50 per ton. 

40 tons < 
®$3.50 per cord < 



'$100.00 
$294.00 
$250.00 
$160.00 

$100.00 
$198.00 



However, B.t.u.'s do not measure the true eflBiciency of gas. 
Combustion of gas is greater than the other fuels, so the actual 
efficiency will be 10 to 20 per cent, greater. 

As the combustion of gas is superior to coal, oil, or wood, the 
efficiency of gas is greater than the heat units would indicate. 

Lamp Black or Carbon Black. — Natural gas is used in making 
lamp black. The gas is ignited and the flame is projected against 
a chilled steel surface. The soot or carbon black collects on this 
surface and is later scraped off. 
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One thousand cubic feet of pure methane gas CH4 contains 
3.6 lb. of carbon black. 

Where other volatile hydrocarbons, heavier than gas, occur the 
percentage of carbon should be higher. In actual practice, 
however, about 1 lb. of carbon per 1000 cu. ft. is obtained. 
Economy in recovery is the problem to be met by manufacturers 
of lamp black. 

CASING-HEAD GAS^ 

"Th^ extraction of gasoline from casing-head natural gas by com- 
pression, condensation and absorption methods has become a large and 
lucrative industry in this country. In the year 1915 about 65,000,000 
gallons of gasoline prepared by these methods was placed on the market. 
In addition, in marketing this gasoline, at many plants an equivalent 
quantity of naphtha was blended with the gasoline, thereby utilizing 
for automobile fuel and other purposes a large quantity of naphtha that 
otherwise would have been unsuited for these purposes. The increase 
for the year 1915 over 1914 was about 22,000,000 gallons. For the 
year 1916 the production should be more than 100,000,000 gallons. * The 
quantity of casing-head gas treated in the year 1915 by compression 
and condensation methods amounted to about 24,000,000,000 cu. 
ft. ; the average yield of gasoline was 2.57 gallons per 1000 cu. ft. 
This casing-head gas represents natural gas that formerly went largely 
to waste; hence the process represented a distinct and important step 
in the utilization of the natural gas produced in this country. 

The natural gas in the oil fields is classified as "dry" gas and *'wet" 
gas. Dry gas consists principally of methane and ethane which cannot 
be condensed under ordinary high pressures. This is the usual gas of 
commerce. 

It usually occurs in sands separate from oil sands, or if in oil sands, 
it occurs high on the fold so that it carries little or no oil vapors. 

Gas may come from the same sand as the oil itself. It is this manner 
of occurrence of gas and oil that the authors desire to emphasize, for 
under these conditions the gas is frequently mixed with enough of the 
gasoline constituents of the oil to warrant the erection of a plant for 
the purpose of condensing the gasoline. 

The gas usually finds its way to the atmosphere through the space 

1 Note. — Most of the material in this discussion on casing-head gas has 
been taken from Bulletins 88 and 120, U. S. B. M. 
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between the casing of the well and the tubing inserted for the removal 
of the oil. This gas is the so-ealled "casing-head gas." At the begin- 
ning of an oil flow when the flow is natural, a large quantity of gas es- 
capes to the air through the same tubing as the oil. Where the gas 
finds its exit to the atmosphere apart from the oil at the casing head 
it is a simple matter to make pipe connections between the casing head 
and any desired point where the gas is to be utilized. This is frequently 
done when the supply of casing-head gas is sufficient to warrant its 
utilization, but frequently, when the supply exceeds the small demands 
of the lease, the excess is wasted. 

When a well is first drilled, the quantity of gas escaping with the oil 
from the tubing is frequently enormous, being 10,000,000 to 15,000,000 
ft. or more at times. This gas is wasted. The flow in time diminishes. 

When gas comes with the oil in the flow pipe, the two are often sepa- 
rated by means of a gas trap. The oil, entering the top of a drum, 
settles to the bottom and is withdrawn, and the gas flows off at the top. 
Many of the plants in California utilize gas that flows with the oil for 
condensing gasoline. One gasoline plant in the Gushing field, Okla., 
also uses trap gas. 

Oil wells that have passed the flowing stage and are being pumped 
may still continue to give off much gas at the casing head. The quan- 
tity may vary from little or nothing at some wells to 500,000 cu. ft. 
or more at others. When enough of the gas is available, it is used for 
pumping on the lease, the excess being wasted. A steam pumping 
engine of 50 horsepower requires about 25,000 cu. ft. of gas for 10 
hours' operation. From 12-15 cu. ft. of natural gas is needed per 
horsepower-hour for gas engines that are used on leases for pumping 
oil wells. If there is not enough of the gas available for working 
pumps, it is all allowed to go to waste, or perhaps some is used for 
heating and lighting a few scattered houses on the lease. 

The efficient utilization of the wasting casing-head gas ordinarily is 
a difficult problem. The many miles of pipe that would have to be 
laid to transport it from a field would usually be an unwarranted 
expense. However, some towns, among which may be mentioned 
Warren, Pa., and Sisterville, W. Va., are lighted and heated largely 
with casing-head gas. 

In the past the oil men considered casing-head gas as waste gas 
and its escape necessary in oil-well operations, to permit the maxi- 
mum flow of oil into the well from the surrounding strata." 
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At present, however, there is an earnest endeavor on the part 
of the oil man to conserve the casing-head gas. The growth of 
the industry has been truly remarkable and the progress made in 
methods of gasoline extraction and recovery is very marked 

COMPOSITION 

'^ Casing-head gas is a mixture of methane and ethane besides contain- 
ing the volatile hydrocarbons propane, butane, pentane, hexane, and 
heptane, which the latter five form the constituents of casing-head 
gasoline. 

Casing-head gas represents gas that occurs in contact with oil and 
hence has an excellent chance to mingle with and carry out of the well 
some of the lighter vapors — the gasoline of the oil. Furthermore, 
such natural gas is usually under low pressure. In fact, many oil 
wells are operated under a vacuum, so that most of the gas has been 
removed in the past and that being withdrawn consists largely of 
gasoline vapors. The greater the content of gasoline in the oil and the 
greater the partial vacuum applied to the well the more gasoline vapor, 
other things being equal, will be withdrawn from the well. 



Results op Fractionation Analyses op "Wet" and "Dry" 

Natural Gas" 



Constituent 



Dry" gas 6 



Wet" gas 



Methane 

Ethane 

Propane 

Butane 

Pentane, hexane, etc. 

Carbon dioxide 

Nitrogen 



Per cent. 

84.7 

9.4 

3.0 

cl.3 



Trace 
1.6 



100.0 



Per cent, 

36.8 

32.6 

21.1 

5.8 

3.7 

Trace 

(d) 



100.0 



The "dry" gas, on the other hand, is under pressure ranging from 
a few pounds to 1,000 pounds per square inch, depending on the well 
from which it flows. It represents gas that once was in contact with 
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oil or was formed by the same processes that produced the oil. In 
many cases it represents an escape of lighter hydrocarbons from a sand 
that contains both oil and gas. Hence the gas carries with it some of the 
lighter liquid hydrocarbons, or gasoline vapors. In some sands where 
the gas is under high pressure, however, the gasoline vapors may remain 
in the gas sand, because of their greater density at that pressure, and 
only to a slight extent issue with the gas, until the pressure has been re- 
lieved to a certain extent. Hence the pressure in a "dry gas" well is 
one of the factors that determine the gasoline content of the gas. It is 
possible, however, that even in the case of "dry" natural gas that does 
not carry enough gasoline to warrant its use in an absorption process such 
gas may represent a potential gasoline supply that can be obtained when 
the pressure on the well has been relieved. 

The properties of the various hydrocarbons in gas are presented 
below in Table XVI, page 195. 

Methane, ethane, propane, and butane, as shown by the above 
table, are gases under ordinary atmospheric conditions. Pentane, 
hexane, and heptane are liquids and are the chief constituents of 
ordinary refinery gasoline. Of the four gases mentioned, methane is 
the most difficult to liquefy. At any temperature below — 160° C. 
it becomes liquid when its pressure is 1 atmosphere. The boiling 
point of the liquid is — 150° C. Above — 150° C. greater pressures are 
necessary to liquefy methane, until at a temperature of — 95.5° C. a 
pressure of 735 pounds per square inch is required. These two values 
are the critical temperature and the critical pressure, respectively, for 
methane. No matter what the pressure applied to the gas methane, 
it can not be liquefied at a temperature higher than — 95.5° C. 
The above general statement holds true for all gases. They can 
be liquefied at atmospheric pressure if the temperature is lowered 
sufficiently, but great pressure will not accomplish the liquefac- 
tion until the critical temperature is reached. Ethane (critical tem- 
perature, 35° C; critical pressure, 664 pounds per square inch), it will 
be observed, is more easily liquefied and in the liquid condition has a 
higher boiling point ( — 93° C.J than methane. 

Propane (critical temperature, 97° C; critical pressure, 647 pounds 
per square inch) is more easily liquefied than methane or ethane. 

Butane, the critical constants of which have not bpen determined, 
must be still more easily liquefied than the three already mentioned, 
because in liquid condition it boils at 1° C." 
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Table XVII. — Results op Analysis 
[* Indicates that notes following table contain 



Lab. 
No. 



Date of sam- 
pling 



Oil fields 



9,206 

10.576 
10,679 

10,000 

9,210 
9,213 

9,211 

10,577 



August, 1909. . . 

February, 1910 
June, 1910 



September, 1909. 



July, 1909. 
do 

do 



Santa Maria. 

Torrey 

Coalinga .... 



McKittrick. 



West Los Angeles. 
Sunset 



FuUerton. 



November, 1909. Kern River 



•1,871 September, 1911 



♦1,889 

♦1,872 
♦1,848 



♦1,838 

♦3,177 

♦2,121 
♦2,445 



♦2,444 
♦1,031 
♦1,033 



do 

February, 1911. . 
September, 1911. 



do 



December, 1912. 



February, 1912. 
March, 1912.... 



do 
September, 1910. 
do 



Hogshooter. 



County 



State 



Santa Barbara, 



Ventura. 
Fresno. . 



Kings. 



Los Angeles . 
Kings 



Orange. 



Kern. 



Clarion 



Forest. 



Clarion. 
Butler.. 



Osage. 



Creek. . 
Barren. 

do 
Grand, 
do 



Armstrong . . . . 



do 

do 
do 

do 

do 

Pa... 

do 

do 
do 

do 

Okla. 

do 
Ky.. . 

do 

Utah. 
do 



Location 



Cal. . T.9N., R. 34 W. 



do 
do 



Sec. 25, T. 20 S., 

R. 15 E. 
Sec. 29, T. 30 S., 

R. 22 £. 



Sec. 31, T. 31 S., 
R. 23 E. 

Sec. 8, T. 3 S., 
R. 9 W. 

Sec. 32, T. 28 S., 
R. 28 E. 

Near town of Mill 
Creek. 

3 miles east of Ne- 
braska. 

Near Mill Creek. 

Concord Town- 
ship, near Chl- 
cora. 

6 miles fromBrad- 
ford. 

North endof Hog- 
shooter held. 

Kiefer 

5 miles from Glas- 
gow, 
do 

Mcab 

do 



a HsS, 2.9 per cent. 
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OF Samples of Natural Gas 
additional information regarding sample] 



Oil company hold- 
ing lease 









Total 


V 






COt 


0, 


N, 


paraf- 
fins 


Total 


CH4 


CsHe 



Gross 

heating 

value per 

cubic 

foot, 

0°C. 760 

mm. 



Specific 
gravity 
(air - 1) 



Santa Maria Oil & 

Gas. 

Torrey 

Kern Trading & 

Oil. 
Dabney 

« 

Pacific Petroleum 
Crandall 

C. V. Hall 

Associated 

South Penn Qil 

D. W. Franchot... 
Oskamp Develop- 
ment. 

do. 



15.5 



0.21.4 



6.8 0.0,3.4 
11.1 0.00.9 



30.4 

1.0 
10.5 

1.7 

6.5 

0.0 

0.0 

0.0 
0.0 



0.05 

1.1 

2.4 
2.5 

2.6 
3.6 
3.5 



0.02.4 



0.1 
0.0 

0.0 

0.0 

0.0 



5.2 
1.8 

2.1 

1.2 

1.1 



0.01.0 



0.01.7 
0.00.9 



0.0 



0.0 



1.45 



4.6 



0.01.8 
0.01.3 



0.05.1 
0.05.6 
0.06.5 



82.9 


100.0 


62.7 


20.2 


89.8 


100.0 


54.2 


35.6 


88.0 


100.0 


88.0 


0.0 


67.2 


100.0 


66.2 


1.0 


93.7 


100.0 


91.0 


2.7 


87.7 


100.0 


87.7 


D.O 


96.2 


100.0 


86.7 


9.5 


92.3 


100.0 


84.3 


8.0 


98.9 


100.0 


96.4 


2.5 


99.0 


100.0 


70.8 


28.2 


98.3 


100.0 


80.5 


17.8 


99.1 


100.0 


53.3 


45.8 


98.5 


100.0 


81.6 


16.9 


94.3 


100.0 


94.3 


0.0 


95.8 


100.0 


64.1 


31.7 


93.3 


alOO.O 


23.6 


69.7 


92.3 


&100.0 


44.1 


48.2 


90.8 


100.0 


90.8 


0.0 


90.0 


100.0 


90.0 


0.0 



B.t.u. 
1,044 

1,240 
937 

724 

1,019 
934 

1,100 

1,047 

1,073 

1,279 

1,189 
1,420 

1,184 

1,004 

1,273 
1,548 

1,367 
967 
959 



0.81 

0.81 
0.66 

0.85 

0.60 
0.66 

0.63 

0.66 

0.57 

0.70 

0.65 
0.78 

0.64 

0.58 

0.74 
0.91 

0.84 
0.61 
0.62 



b HsS, 0.1 per cent. 
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Table XVII, pages 196 and 197, gives some analyses of natural gas. 
In the table the CjHe (Ethane) column also contains any of the 
volatile hydrocarbons such as butane, propane, etc. 

Quantity of Casing-head Gasoline per 1000 Cubic Feet. — The 

quantity of gasoline per 1000 cu. ft. varies with the richness of 
the condensible or extractable vapors. 

Some gases, especially those usually called "dry'' gases contain 
as little as a pint of gasoline per 1000 cu. ft. Where there is a 
sufficiently large volume of gas this small quantity of gasoline 
may be extracted by means of the absorption system in which a 
distillate of petroleum called "mineral seal" oil is generally em- 
ployed. This distillate absorbs the gasoline as the gas is caused 
to pass through it. Later by distilling the absorption product 
the gasoline is recovered and the mineral seal oil remains. 

Above 1 gallon per 1000 cu. ft. the compression system is use.d. 
This system involves the use of compressors and condensers. 
Descriptions of the compressions and absorptions methods are 
presented in Bulletins 88 and 120 respectively, U. S. B. M. 

The range of gasoline vapors is from to as high as 12 gallons 
per 1000 cu. ft. Some very rich gas has been found in the Glenn 
Pool area containing as high as 12 gallons. However 2 to 3 
gallons per 1000 cu. ft. is good gas. 

Table XVIII, pages 198 and 199, shows some tests on gas 
from two gasoline plants. 

LIFE OF WELLS AS REGARDS PROFITABLE GASOLINE 

EXTRACTION 

Some conclusion regarding the length of time that gasoline may be 
profitably extracted from the natural gas of a given well may be 
gained by referring to the history of past operations. In the East 
gasoline-extraction plants have been in operation for several years. 
An important factor is the quantity of oil present. Neither gas nor 
oil wells are as long lived in the Mid-Continent as in the Eastern fields. 
It would appear therefore that in the Mid-Continent field, gasoline 
operations will not have as long life as those in the Eastern fields. 
They will probably last longer, however, than those in the California 
fields. Operations for the recovery of gasoUne from casing-head gas in 
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the old Tidioute, Pa., region, where profitable yields of gasoline are 
obtained at very low pressures, have continued for five years. These 
wells have been producing gas and oil under vacuum for 40 years prior 
to the actual installation of gasoline plants. The authors have definite 
information regarding the installation of a plant at Parkersburg, W. 
Va., that operates on wells that have been under vacuum for 29 years. 
After two years* operation of the gasoline plant the quantity of gas began 
to decline rapidly. General conclusions cannot, however, be drawn 
from this plant. 

Around Sisterville, W. Va., there are probably more plants for the 
recovery of gasoline from casing-bead gas than at any other place in 
the United States. Oil wells in that district have operated under a 
vacuum for 15 to 20 years. Within the town limits some wells operating 
under a reduced pressure of 24 inches of mercury produce 1 barrel of 
gasoline a day. The fact that the engines use city gas, there being no 
residual gas left, shows the absence of much permanent gas in the wells. 
Certain oil wells may produce considerable gas when gasoline recovery 
started but eventually the gas ceases to flow, and a reduction of pressure 
withdraws no gas from the well but simply removes the gasoline 
fractions. 

The Glenn pool in the Oklahoma fields has, the authors believe, 
already shown indications of having a long life. The application of 
reduced pressure to the wells has increased both the gasoline and the 
oil yield. 

The authors cannot predict the life of gasoline-plant operations in 
general in the Oklahoma fields. With reference to the Glenn pool 
fields, however, they believe that it would be entirely safe to predict 
a life of profitable gasoline operation equal to that which can be 
realized with the oil itself. There are some other regions in Oklahoma 
that have shown particularly unreliable indications as to casing-head 
gas, there having been a considerable volume of gas in new wells, 
which later dwindled rapidly. This tendency seems to be common 
with the shallow sands, a possible exception being a pool known as 
the Childer's pool in the Delaware region. When gas escapes freely 
from wells that have been producing oil for two or three years, they 
may he expected to produce gas enough to assure the return of the initial 
investment with profit. 



CHAPTER XI 
OIL SHALES 

The oil shale industry has recently become of great interest 
and importance. It is well known that the consumption of 
petroleum is increasing so that an actual scarcity of petroleum 
must be faced. New sources of oil must be found and these are 
to be had in the great reserves of rich oil shale lands in Utah, 
in Colorado, Wyoming, California, and of inferior shales in other 
states that can be drawn upon to furnish the needs for the future. 

This industry is in its infancy in the United States, although 
in Scotland the oil shale industry has flourished since 1847. 

OIL SHALES DEFINED 

(After Ziegler) 

'^ Oil shales are shales, that is, muds or clays consolidated into rocks, 
from which oil and gas can be produced by destructive distillation. 
These shales do not actually carry oil or gas as such. They contain or- 
ganic materials such as partially altered plant remains which are 
broken up into oil and gas when subjected to heat. That by far the 
greater part of the oil is not present as such is proved by the fact that 
even the richest shales are not greasy or oily in appearance, and that 
oil seeps are virtually unknown in them." 

(After Winchester) 

''In Colorado alone there is sufficient shale in beds that are 3 feet or 
more thick and capable of yielding more oil than the average shale now 
mined in Scotland, to yield about 20,000,000,000 barrels of crude oil, 
from which 2,000,000,000 barrels of gasoline may be extracted by 
ordinary methods of refining, and in Utah there is probably an equal 
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amount of shale just as rich. The same sh^le in Colorado, in addition 
to the oil, should produce with but little added cost about 300,000,000 
tons of ammonium sulphate, a compound especially valuable as a 
fertilizer. The industry requires a large equipment of retorts, con- 
densers, and oil refineries, as well as of mining machinery, so that it 
cannot be profitably handled on a small scale. 

"In Scotland, according to Ells, the following valuable products are 
manufactured from the shale: (1) permanent gas, used principally 
for fuel in the retorts; (2) naphtha, gasoline, and motor spirit; (3) 
burning or lamp oil; (4) intermediate oil used for gas making; (5) 
lubricating oil; (6) solid paraflSn; (7) still grease; (8) still coke, which 
contains some oil and is used for gas fires, smokeless fuel, and carbon 
for electrical purposes; (9) sulphate of ammonia [a fertilizer which in 
the United States is worth from $50 to $60 a ton] ; and (10) liquid fuel, 
used in the refineries. The distillation of the oil shale of the Green 
River formation will probably yield different products, and the processes 
of distillation used in Scotland may not be well adapted to this shale. 

"In the 11 field tests made by Woodruff in 1913, 1 sample of shale 
yielded as low. as 10.4 gallons of oil to the ton of shale; 8 between 
16 and 40 gallons, averaging 27.2 gallons; one 45.2 gallons; and one 
61.2 gallons. Of the 57 samples tested in 1914, 17 samples yielded less 
than 10 gallons of oil to the ton of shale; 22 samples between 10 and 
20 gallons; 11 samples between 20 and 30 gallons; 3 samples between 30 
and 40 gallons; 2 samples 40.6 gallons each; 1 sample 65.3 gallons; and 
1 sample 86.8 gallons. Seventy-five samples were tested in 1915. Of 
those obtained in Utah (34 samples), 6 yielded less than 10 gallons of 
oil to the ton of shale; 7 between 10 and 20 gallons; 7 between 20 and 
30 gallons; 9 between 30 and 40 gallons; and 5 more than 40 gallons. 
The maximum yield, 90 gallons to the ton, was obtained from a thin 
bed near Watson, Utah. Samples from Wyoming yielded less than 
30 gallons, except one which yielded more than 30 gallons. One of 
these represented a 2-foot bed, which yielded 50 gallons to the ton. 

"As these quantities compare favorably with those obtained from 
the oil shale of Scotland, it seems probable that in time the distilla- 
tion of oil from the Green River shale may become as important an 
industry in this country as the distillation of oil from Carboniferous 
shale has become in Scotland, or if richer raw material can be found 
here in abundance it may even exceed the present shale-oil industry 
abroad." 
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OCCURRENCE 
Oil shales occur ia several states. California, Colorado, 



FlQ. 120. (After U. S. B. M.) 

Nevada, Utah, Wyomii^, Kentucky, and other states produce 
organic shales that may have commercial value. 
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The shales of California, Ck>lorado, Utah, and Wyoming are 
largely of Tertiary age, and are the richest shales found. 

The accompanying map fsee Fig, 120, page 204) outlines the 
principal oil shale areas in Colorado, Utah and Wyoming. 

These beds may occur in mesa, or table-like beds (see Fig. 121) 
or in steep dipping formations. Naturally the mining conditions 
would be simplest where the beds do not go far underground but 
offer opportunities for steam shovel methods of extraction. Or- 
dinary coal mming methods are followed. 

The following description of the physical appearance of oil 



Fig. 121. — Black Btreaks are oil shale. (U. S. B. M.) 

shale is taken from Mr. Winchester, Bull. 641-F, U. S. Bureau 

of Mines. 

"The Green River formation, of early Tertiary (Eocene) age, con- 
sists predominantly of shale. It exhibits on the weathered outcrop 
a more or less white color, but closer examination reveals an alternation 
of gray, bluish-gray, and white bands. The shale that yields the moat 
oil when subjected to distillation is that which weathers into massive 
benches of grayish-blue color but which is dark brown to black on a 
freshly broken surface. After this tough rich shale, which appears to be 
without bedding planes or laminationg, is heated and the oil driven off it 
crumbles easily and exhibits true shale structure. Where thin benches 
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I 

of rich shale are interbedded with lean or barren shale, the former 
being resistant, weathers to projecting ledges. Some of the very rich 
beds show a vitreous luster similar to that of coal. The massive 
shale is exceedingly tough, resists erosion to a remarkable degree, and 
as it weathers to a bluish-white surface and will burn when ignited 
the ranchers of some parts of the region refer to it as "white rock 
that will burn." When freshly broken tlie rock gives off j.n odor of 
petroleum. All gradations exist between this hard, tough, massive 
rock and the papery shale, which weathers to curly forms. The papery 
shale is in a few places black, but usually light brown, and the thin 
plates of weathered shale are remarkably flexible, a characteristic which 
distinguishes it from ordinary carbonaceous shale. Weathering affects 
the papery shale to a distance of more than 20 feet back from the 
outcrop, but, except along joint planes, the hard, massive shale shows 
little evidence of weathering for more than a quarter of an inch from 
the exposed surface. Oil has been distilled from the papery shale as 
well as from the hard, massive variety, although in smaller quantity. 

''The hard, rich shale that crops out as projecting ledges and weathers 
to a gray or grayish-blue color is dark brown to black on the un- 
weathered surface, and in all probability weathering does not affect 
the oil-yielding capacity of the shale to any considerable depths. 
Most of the samples for distillation were taken after chipping away the 
part of the bed that had been changed from dark to light color, and for 
most of the samples this required the rempval of only an inch or two of 
weathered shale." 

ANALYSES OF OIL SHALE 

Table XIX, page 207, shows a chenaical analysis of oil shale. 

The proximate analysis gives the presence of moisture, volatile 
matter, fixed carbon and ash. In this case, ash and fixed carbon 
were considered together. The ash is principally shale. 

The ultimate analysis gives the analysis of the volatile matter. 

The percentages given added together equal the total per cent, 
of volatiles. 

Table XX shows the amount of unrefined oil per toji distilled 
direct from the shales. This crude oil is later redistilled and the 
results of redistilled oils are tabulated and presented in Table 
XXI, page 210. 
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Oils from nine samples treated in the field and in the laboratory were 
redistilled with the results as shown in Table XXI. 

A study of the table reveals a fairly uniform quantity of products 
from the different samples, the gasoline ranging from 6 to 12 per cent., 
the kerosene from 28.5 to 49 per cent., the paraffin from 1.63 to 7.70 
per cent., and the sulphur from 0.41 to 1.42 per cent. The samples 
for fractionation were chosen to illustrate both range in physical 
character of the shale and wide geographic distribution. Sample 4 
was from massive shale obtained near Soldier Summit, Utah; sample 
6, from brown shale near Elko, Nev. ; sample 10, from massive shale in 
sec. 9, T. 1 N., R. 103 W., Colo.; samples 18 and 19, from massive shale 
in sec. 16, T. 2 N., R. 98 W., Colo. (No. 18, steam distilled; No. 19, same 
sample, dry distilled); sample 27, from papery shale in sec. 11, T. 1 
N., R. 97 W., Colo.; sample 32, from massive shale in sec. 11, T. 1 N., 
R. 97 W., Colo.; sample 51, from massive shale in sec. 6, T. 6 S., R. 
94 W., Colo.; sample 67, from massive black shale in sec. 1, T. 7 S., R. 
98 W., Colo. 

The samples, except No. 27, were obtained within a few inches of the 
outcrop and probably were slightly weathered, although physical 
evidence of weathering in the type of shale sampled extends only a 
very short distance back from the outcrop. As the papery shale 
weathers to considerable distance back from the outcrop a drift 18 
feet long was driven for the purpose of obtaining a sample (No. 27), 
but the zone of weathering had not been passed at the point of sampling. 



CHAPTER XII 

GEOLOGICAL FIELD METHODS AND INSTRUMENTS 

IN USB 

A geological map is of great service to the geologist to enable him to 
draw conclusions on the value of the surface folding with relation to 
the probable underground conditions. To make a geological map there 
must be sufficient data, such as outcropping rock strata, to enable the 
geologist to follow the irregularities of deformation. 

Geological field methods vary with the nature of the country trav- 
ersed and the accuracy demanded in location. 

In the Mid-Continent oil fields where the dips are low, the methods 
are either preliminary (reconnaissance) or final, usually called detail. 

In reconnaissance, accuracy in location is usually sacrificed to speed 
in covering the area to be examined. The object is to ascertain the 
presence or absence of stratigraphy and structure favorable to the 
accumulation of petroleum. The instruments necessary in recon- 
naissance are the stadia hand level (telescopic), Locke level, Brunton 
pocket transit and compass, notebook, pencils and scales. 

The stadia hand level (see Fig. 125) or an aneroid (see Fig. 126) is 
used to determine the dip of the beds, and the readings may be ex- 
pressed in per-cents or feet per mile. The direction of dip is noted 
with the "Brunton" compass. (See Fig. 124.) Here one's experience 
will teach the value of readings taken on different outcrops. 

The dip symbol can be located on the map by an angle and distance 
from some known position, already determined, which is recognizable 
on the ground. It is a good practice to put up a flag at some known 
height above the ground, where it can be seen from most points in the 
area. This flag should be accurately located with respect to the land 
survey. A bearing taken to it and a distance observed or estimated 
will serve to locate the observation points with respect to the position 
of the flag. Having a flag of a known height above the ground one can 
estimate the distance within two or three hundred feet when using 
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the telescopic stadia hand level. Thus by tekiag a little pains one can 
produce a reasonably accurate description of the country. In any case 
a field book with well-drawn descriptions will clearly indicate the 
stations where observations were taken, to the man who follows and 
checks. 

In a region where the U. S. G. S. topographic sheets of recent 
date are available it is often possible and advisable to use them 
as a base on which to plot observations. Finding one's location 
on a topographic map is a matter of familiarity with the inter- 
pretation and use of them. The scale of these maps is often 
too small for careful geological work but the locations can be 
transferred to a larger scale and suffer a very small loss of position 
as far as the accuracy of the finished map is concerned. 



Fia. 122.— Plane table party. The geologist caniea the rod. 

In detailing an area, another dimension, that of elevation, is 
involved. One method has been to use the aneroid barometer to 
obtain differences in elevation in conjunction with a pace-traverse, - 
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in a country where the land boundaries and subdivisions are 
easily recognized. Another, called the plane-table method, has 
finally been recognized as the most expedient although the cost 
per acre is very nearly twice that in which the aneroid barometer 
is employed. The plane table and alidade when "set up" 
are in theory the same as the transit but in practice instead of 
reading horizontal angles on the plates of the transit and plotting 
them in the office, one draws his courses directly on the map in the 
field. By observing distances and vertical angles and by plot- 
ting and computation the instrument men eliminates subsequent 
office work and make the computations while the rod man is 
travelling from station to station in the field. 

It may be noted here that the usual practice in geological 
mapping with the plane table is to employ a party of two men 
consisting of a geologist and an instrument man. In this case 
the geologist carries the stadia rod and chooses the location on 
the outcrops at which readings for elevation are taken. (See Fig. 
122, page 213.) The record of the particular beds on which 
readings were taken with the intervals to the key bed is often 
carried in a separate notebook by the geologist. As is suggested 
later this is a waste of time where the same records can be 
plotted on the field sheet to be used in contouring. 

The advantage of the plane table lies in the accuracy of the 
readings both horizontal and vertical, and the fact that every 
operation incident to the making of the map can be performed in 
the field before the facts have become stale in the memory. The 
position of every point (or "shot ") and the elevation of that point 
should be plotted immediately. The particular position of the 
"bed" should be drawn on the map in the true relation to the 
topography. Great care should be taken to see that the instru- 
ment man has not mistaken one "bed'' for another. A better 
plan is for the geologist to return to the table before the instru- 
ment man leaves each station and "draw in" the outcrops by ! 
sight since he has been in the best position to know their location. 

Having plotted the positions of the salients and reentrants 
of the outcrops, all stream beds should be drawn on the field 
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sheet. In fact the field sheet should show streams, roads, bridges, 
and other culture, but the topography may be omitted where it 
is shown on a U. S. G, S. topographic sheet. (See Fig, 123.) 

It has been found that contouring on the map in the field often 
saves the expense of an extra trip to clear up a difficult area. 
The reason is that one can detect at once where additional obser- 
vations need be taken. This often happens before the instrument 
man has moved away from a station, which saves the time taken 
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Fio. 123. — Plane table sheet. (After Hager, Bates and Lewis.) 



to make an extra "set up." This idea also works the other way 
where it may be noted that too many observations are being 
made, a fewer number satisfying for the same results in contour. 
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In association with the alidade and stadia rod the plane table 
can be used for intersections on inaccessible points or points not 
important enough to warrant traverses to them. 

This is especially true when the elevation and position of a 
drilling well some distance away is desired. 

By drawing intersecting lines toward the "rig'' from two sta- 
tions so that the included internal angle at the intersection is 
greater than 30®, a reasonably accurate location is obtained. A 
vertical angle reading to the water table or some other known 
point above the floor from either or both stations together with 
the scaled distances (from the map) will give the figures necessary 
to compute the elevation of the well. 

Another method of obtaining distance to a rig is by reading 
the full number of cross-braces, or girts intercepted by the stadia 
hairs. In a standard rig the distances between cross-braces are 
approximately 8 ft. center to center. Thus by counting the 
full number of girts and estimating the excess or fractional part 
included by the stadia hairs one can use a derrick like an extended 
stadia rod. 

Elevations obtained in this way are sufficiently accurate for 
practical purposes. Often, well elevations are the only means of 
determining structure and sand conditions where the detailed 
well records are obtainable. 

Another use of the plane table overlooked by many operating 
companies is the advantage gained by making the lease maps in 
the field. These maps can show in detail all property lines, wells, 
and their elevations, rod lines, tanks, lead lines, gas lines, vacuum 
lines, powers, swing posts, streams, pumps, etc. The cost of 
making this map with stadia is much less than with a transit 
and tape except where the vegetation is too dense to allow a 
number of observations to be taken from one station. 

CAUTIONS 

Instrumental work is important but too often greater emphasis 
is given to detailed work than conditions justify. The instni- 
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mental work may be perfect but if the geologist fails in his 
interpretation of beds the instrument work counts for little. 

An experienced geologist can often do more work with his 
eye and in shorter time and reach sounder conclusions than men 
of less experience can do after long careful surveys. 

The personal factor enters largely into geological work. One 
man's snap judgment may be worth more than the careful 
opinions of other men. The tendency of most young geologists 
is to trust in the correlations of rocks for results. More mis- 
takes are made in this way than in any other. 

The use of carefully prepared detailed sections must not be 
underestimated but such sections must be usfed as adjuncts to 
outUning structure after reconnaissance, rather than for use in 
discovering folding. 

Correlation may be used in reconnaissance in some cases, 
but the safest plan is to depend on local dips to show whether or 
not folding exists. 

The tendency to correlate is one to be guarded against most 
carefully. To walk out the beds and not trust to likenesses is 
the safest plan. It is no disgrace to drill a dry hole on a real 
structure, but it is certainly not good practice to drill dry holes 
on non-existent folds. 

GEOLOGICAL INSTRUMENTS 

It may be of interest to note a few of the instruments em- 
ployed by field geologists. These are used chiefly for recon- 
naissance or preliminary surveys, but good work of a detailed 
nature may be accomplished with them. 

It must be understood that in most cases the reconnaissance 
is sufficient so ^hat the geologist must be proficient in the use 
of these instruments. 

Brunton Pocket Transit (See Fig. 124, page 218).— The Brun- 
ton pocket transit is a compass having a sight vane on the north 
side of the compass box and a mirror on the inside of the cover. 
A line of sight through the center of the vane produced, coincides 
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with the north-south Une of the compass dial and a line drawn 
in the back of the mirror. 

Attached in the bottom of the compass box is a level vial. 
In the same piece and in the plane of the level vial is a wing, the 
center of which is perpendicular to the chord of the circle repre- 
sented in the upper inside surface of the vial. 

Beneath the wing, on the bottom of the compass box i^ a circle 
divided into degrees and half degrees (30 minutes). This attach- 
ment called a dinometer is used to measure vertical angles (dips). 

The method of using a Brunton is to hold it level with the 
vane and cover in the position shown in the cut. By looking 
down in the mirror and sighting on the reflection of the object 



Fio. 134. — BniatoQ compasB. 

past the tip of the vane, one then reads the horizontal angle 
(with the instrument level) from one's station to the object 
sought, on the scale of degrees opposite the north end of the 
ma^etic needle. A rack and pinion operated from the outside 
permits the zero of the horizontal scale to be turned to "set off" 
the magnetic declination. Having the magnetic declination "set 
oS" all compass readings will then be direct to the true north 
and south. 

Stadia Hand Level (See Fig. 125, page 219).— The stadia hand- 
level is a surveying instrument having a level vial with a reflecting 
prism underneath, attached to the top of the telescope tube. 
The reflection of the level bubble projects into the field of view. 
Underneath the level vial a diaphragm is inserted in the center 
of the tube contaiaing three cross-hairs extendi]^ across the field 
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of view. The two outside hairs or wires are spaced accurately 
equidistant from the middle wire. The two outside hairs called 
"stadia hairs'' are so spaced that when sighting at a rod held 
vertically 100 ft. away, the stadia hairs intercept a space of 1 ft. 



"*^ mm^^ ^^^^t^'^r^ 




Fig. 125. — Stadia hand level. 



on this rod. Thus an intercept or reading of 5 ft. on the rod 
would indicate a distance of 500 ft. 

Aneroid Barometer. — The aneroid barometer (see Fig. 126) is 
often used as a reconnaissance instrument by geologists to obtain 




Fig. 126. — Aneroid barometer. 



differences in elevations. The theory and construction is too 
involved to discuss in this volume. The theory is based on the 
weight of a column of air which varies proportionally from sea 
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level to its upper limits (omitting the effect of temperature and 
local variations in pressure). All the variations should be well 
imderstood before one attempts to obtain elevations with this 
instrument. 

One should read back on some known elevation at intervals 
not exceeding one hour. By taking the time of each reading the 
rate of change can be figured in feet per minute and the correction 
applied to each reading according to the time away from the 
starting point. The above does not make allowance for sudden 
changes of atmospheric pressure. The irregularities in results 
that cannot be easily detected serve to make the instrument 
unreliable. For certain classes of work other than this disre- 
gard the above suggestions, for in many instances this in- 
strument in competent hands has produced good results. 

The above applies in countries where the dips are low. Where 
the dips are steep and small irregularities may be allowed, the 
aneroid has given good results. 

Also where a second aneroid is employed as a check and 
readings taken regularly every 10 minutes at a specified station the 
irregularities of the atmospheric conditions can be corrected for. 
A graphic curve will show the variations and enable the field 
geologist to check the variations in his readings. Good work 
can be accomplished in this way. 



CHAPTER XIII 
CAUTIONS 

In the foregoing chapters the elementary principles of oil-field 
geology have been outUned. A few further points may be of 
interest. 

Prejudice against Geologists. — In many places much prejudice 
exists among drillers and operators against geologists. There is 
absolutely no need for such feeling. Both classes of men have 
their distinct work to do. A driller's work supplements that of 
the geologist, who blazes the way into new districts and points 
out the best places to drill. Instead of conflict, there should be 
mutual respect and cooperation. 

Just because most geologists are men of technical training and 
education is no reason for prejudice on the part of the operator or 
driller. The geologist in his line is as practical as the driller, and 
uses perfectly open and legitimate methods of work, and his 
working methods and instrmnents are as well standardized as 
are the tools and methods of the driller. 

Again men who are ignorant of geologists' methods of work 
and knowing of their success, will overrate the geologist and his 
liability to make mistakes, and also in some cases put the geolo- 
gist on a pedestal. When he fails, as is often the case, they lose 
faith in a geologist's work. Minimizing risks is the best work 
of a geologist, and if he reduces chances on wildcats from 1 
in 300 to 1 in 10, then he has accomplished good work. A 
geologist's function, however, is far more comprehensive than 
locating '' wildcats" as one will clearly understand if he has 
followed the earlier chapters closely. 

Exactness. —Many people think that a geologist's work 
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is exact. Such is not the case, by any means. Where under- 
ground conditions are to be considered, exactness ceases. One 
cannot definitely say that a certain condition, such as a fault or a 
fold, persists underground. Many times it may not do so. One 
must qualify such statements by saying in all probability such a 
condition may exist imderground, or the evidence leads us to 
believe such a condition to exist. Depths are predicted within 
certain limits, not down to the last foot. 

The work of the geologist is not exact nor can it be so. There 
are districts in which exposures are so scarce that one cannot 
obtain a sufficient amount of data, on which to base any positive 
conclusions. In such cases one must leave the structure un- 
mapped and uncertain. In all mapping and study of the struc- 
ture, the percentage of errors varies due to the following factors: 
I. Engineering errors: 

(a) Instnunental errors. 

(6) Errors in observation. 

(c) Errors in reducing from large natural scale to small map 
scale. 

(d) Errors due to drill logs. 
II. Geological errors: 

(a) Errors due to the thickening or thinning of beds. 

(6) Errors due to unseen faulting, to unconformities, to lensing. 

The first set of errors are mechanical and personal; the second 
set due to natural factors. 

Instrumental errors can be avoided by careful work. Where 
an aneroid barometer is employed, the per cent, of accuracy will 
not be as great as with a spirit level or plane table and alidade 
system. Errors in observation are due to the personal equation 
and are only overcome by careful checking. Errors in reducing 
from natural scale to map scale are not of such importance if the 
earlier work has been carefully done. 

Errors due to geological conditions such as the thickening or 
thinning of beds and to unconformities, faults, etc., cannot be 
predicted. Such errors are due to natural conditions that occur 
at depth and cannot be foreseen by the geologist or engineer. 
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Errors in well logs are the results of: 1. Improper classifi- 
cation of strata. 2. Inaccurate measurements. 3. Careless log 
making. 

Often drillers and geologists fail to classify beds properly. A 
bed that may in reality be 200 ft. lower is sometimes called a 
certain key bed when it may be an entirely different bed. 

The measurements vary with the methods used. The usual 
way is to measure off units on the sand Une or steel drilling cable, 
wrap a string around the place of measurement, and then to count 
the number of strings or units that go into the hole when the sand 
line or the cable is unwound. The unit taken with the sand line 
is the length of line from the top of the sand line reel to the 
top of the casing, approximately 170 ft. for the 82-ft. derrick. 
This distance is sometimes' measured with a 5-ft. stick, though a 
steel tape is generally employed. 

If the drill cable is used for measurements, the length of line 
from the top of the buUwheels to the top of the casing is used, and 
the measurements of the unit is obtained by the steel tape or 5- 
ft. stick. Obviously when measuring with a 5-ft. stick — sUps 
occur, and measurements a foot short or long per unit may be 
obtained. This error when multipUed by ten may mean an error 
of 10 or even 20 ft. in deep holes. 

If the measurements are carefully made by such methods the 
results may be correct within a " screw " of 6 ft. Closer estimates 
are useless as the driller teUs the change in his formation by the 
"feel" of his tools and the sound, and he may drill several feet 
into a stratum without knowing it. 

Total depths are accurately obtained by measuring with a 
steel line. Where the casing measurements are taken, it is easy 
to check the thickness of formations; also the total depth is 
accurately obtained in this way. 

Careless log making is responsible for many errors. The driller 
may encounter a certain bed at a specific depth. Instead of 
marking the depth at once on his log book the driller may carry 
it in his head, and if busy, forget the exact figures, with the result 
that he later approximates the depth and is off sometimes 20 
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ft. or more. Such errors can only be eliminated by carefulness 
on the part of the driller. 

However, even eliminating all instrumental and personal errors 
there are still the uncertain geologic factors that may upset the 
most careful surface measurements. Nicety and exactness is 
desirable, but there is a limit to refinement of work beyond which 
it is a waste of time to go. 

Salting Samples. — "Salting" is sometimes resorted to as in 
mining. A few examples of such methods will prove instructive. 
The writer has in mind one company that was accused of employ- 
ing a "salting" method. The true solution in this case, how- 
ever, was far different, and the "salting" was unconsciously 
done by the examiner himself. The consulting engineer who 
made the examination used what is popularly called a "bucket 
gauge." This method of gauging consists in holding a 5-gallon 
bucket at the mouth of the lead-line and noting the time required 
to fill the same. A number of important factors must be taken 
into account in figuring production by this method. Oil shrinks 
from 20 to 60 per cent, due to the escape of enclosed gas. It is 
customary to allow the oil to settle 24 hours and then measure 
the shrinkage. Also to have an accurate gauge the same rate 
of piunping speed must be maintained. Water and sand are 
also present in many cases. Where from 10 to 16 or even 50 
per cent, of water may occur, precautions must be taken to 
provide against mistakes in not testing for same. The consulting 
man in the case under consideration was ignorant of these 
elementary principles, and reported upon production as he found 
it. As a result his report showed a production 100 per cent, 
greater than the actual production. The purchasers complained 
that they had been cheated, yet their expert sent in a true report 
according to his light on the subject. No one at all famiUar 
with oil-field methods would have considered such a gauge as 
accurate. The best method is to obtain reports for runs made 
to pipe-line companies, and then check up the same by extended 
tests at the wells, using both bucket and tank gauges. The 
only accurate gauge method is an actual tank gauge showing 
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a run over a period of a week or more, with the examiner or his 
representative on the ground at all hours. Wells vary greatly 
in their production from hour to hour, but a 24-hour gauge will 
be fairly constant provided the pimiping speed is the same. 

Prospect holes are sometimes salted simply by filling with oil 
and then bailing out the same for prospective investors. Such a 
method is crude but has been successful during "boom'* times. 

A very interesting and yet amusing incident occurred to a 
friend of the writer who undertook an examination in Louisiana. 
An oU spring was reported to this friend and he made a trip to the 
region in which the find was reported. There was undoubtedly 
oil in the spring as a thick scum of heavy oil floated on the surface 
of the water and more bubbled up from below. The consulting 
man studied the spring which lay at the bottom of a gentle slope. 
The district was one that showed little or no evidence of struc- 
tural deformation and according to all reports on the district, 
oil should not have been found if structure counted at all. But 
there was the oil spring to confute all theories. The engineer, 
however, felt that something was wrong. As the region was a 
wild one and the natives a hard lot, the owner of the spring in 
particular having the reputation of being a "killer," the young 
geologist said Uttle and sparred for time. That night he stole 
from bed, located a pick and shovel, and started for the spring, 
some half mile from his host's house. On reaching the spring, 
queer to relate, no oil bubbled up. Getting down on his hands 
and knees he probed around the bottom of the spring; his hand 
encountered a small pipe which gave a clue to the solution of the 
mystery. There was but one place the oil could come from, and 
that was near the top of a small knoll close by. The engineer 
finally located a spot that showed signs of having been recently 
dug up, and soon uncovered a large barrel containing crude 
petroleum a "plant" that might have made the owner's fortune. 
The engineer covered up all traces of his visit and returned to 
bed and next morning took the first stage out of the region and 
did not return to buy up the promising oil land. 

Occasionally samples of oil are switched and fraud thus per- 
is 
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petrated on the examining man. Careful attention to samples 
will do away with such fraud, however. 

Self Deception. — Self deception as regards oil properties is not 
unusual. Thus in drilb'ng for oil some of the lubricating oils 
for the machinery have been known to leak into the drill hole, 
causing a temporary excitement, as the drillers thought the traces 
of oil presaged a good supply below and boomed the district on 
such showings. If oil has been found in quantity it nearly 
always shows strongly in the material dumped from the bailer, 
and a study of the sand pile will generally give a good clue as to 
whether or not oil has been found. However, the only true test 
lies in a careful examination and actual gauging of the well. An 
actual pumping test tells the tale and no engineer should be 
content without making such a test where it is possible to do so. 



APPENDIX 



Table XXU. — Elbmbntal Analyses Showing Elemental Values of 

: Oklahoma Oils 



Location 



Specific 

gravity, 

(at IS** 

C.) 



Degrees 
Bauin6, 
(60*» F.) 



Calories 

per 

gram 



B.t.u. 

per 
pound 



Viscosity 

at 20» C. 

(Engler 

scale) 



Water 

(per 

cent.) 



Sul- 
phur 
(per 
cent.) 



Avant 

Bald Hill 

Bartlesville 

Bigheart 

Checotah 

Cleveland 

Collinsville- Clare- 
more. 

Cushing 

Flat Rock . 

Glenn Pool 

Gotebo 

Hamilton Switch . . . 

Henrietta 

Hominy Creek 

Madill 

Mounds 

Muskogee 

Nelagony 

Nowata 

Okmulgee 

Oresa 

Osage City 

Pawhuska 

Ponca City 

Red Fork 

Salt Creek 

Sapulpa 

Schulter 

Turley 

Wheeler 

Grand average 

* Trace. 



0.8617 


32.49 


10,828 


19,490 


2.3 


1 


.8465 


35.40 


10,905 


19,629 


2.3 


0.1 


.8604 


32.71 


10,883 


19,585 


2.3 


1 


.8547 


35.58 


10,904 


19,589 


2.3 


.0 


.8610 


32.60 


10,910 


19,638 


3.5 


1 


.8388 


36.94 


10,921 


19,658 


1.7 


.0 


.8585 


33.10 


10,846 


19,524 


2.6 


.0 


.8389 


37.00 


10,911 


19,639 


2.0 


.0 


.8635 


32.14 


10,804 


19,448 


3.0 


.0 


.8445 


35.83 


10,879 


19,582 


1.8 


.2 


.8595 


32.89 


10,925 


19,665 


2.9 


1 


.8439 


35.92 


10,907 


19,633 


2.0 


.0 


.8720 


30.55 


10,761 


19,370 


3.3 


1 


.8585 


33.09 


10,838 


19,508 


2.7 


.1 


.8504 


34.64 


10,893 


19,608 


3.7 


.0 


.8635 


32.14 


10,826 


19,488 


3.5 


.0 


.8304 


38.60 


11,009 


19,817 


1.5 


.0 


.8615 


32.51 


10,827 


19,489 


2.4 


1 


.8525 


34.22 : 


10,920 


19,656 


1.8 


1 


.8530 


34.13 


10,850 


19,531 


2.6 


.1 


.8665 


31.58 


10,836 


19,506 


3.0 


.3 


.8472 


35.30 


10,879 


19,506 


2.0 


.0 


.8710 


30.73 


10,807 


19,453 


6.6 


.1 


.8144 


41.91 


10,998 


19,797 


1.2 


.0 


.8457 


35.57 


10,928 


19,670 


1.9 


.0 


.8511 


34.52 


10,881 


19,585 


2.6 


.0 


.8635 


32.14 


10,826 


19,486 


2.7 


.0 


.8600 


32.84 


10,840 


19,513 


2.8 


.0 


.8772 


29.67 


10,790 


19,422 


7.2 


.0 


.9166 


22.76 


10,554 


18,998 


40.2 


.6 


.8544 


33.96 


10,870 


19,567 


3.9 


.0 



0.17 
.17 
.14 
.16 
.11 
.21 
.20 

.27 
.26 
.28 
.25 
.18 
.35 
.20 
.16 
.22 
.10 
.19 
.14 
.20 
.18 
.24 
.23 
.10 
.24 
.17 
.25 
.23 
.23 
1.20 

.23 
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PRACTICAL OIL GEOLOGY 



Table XXVII. — Geological Formations or "Sands" in Which Oil 
AND Gas Are Found in the United States and Canada 

This chart was prepared with a view of showing the various oil and gas sands with reference 
to their age and position in the stratified rocks forming the earth's criist. Owing to the 
fact that some of the oil fields have not been given thorough geological study and also that 
geologists are not yet certain regarding the age of several of the formations, this chart is 
of course approximated. Dotted lines mdicate points at which uncertainty exists. 



Era 


Geological 
system 


Geological 

series or 

group 


Producing forma- 
tion or sand 


Correlation 






Quaternary 


Recent series 


Alluvial deposits 


Beaumont, Texas, and 
Jennings, Louisiana. 








Pliocene 


Tulare formation 


Lost Hills, California. 






Tertiary . 


OB 

to 

% 

.2 


Upper 
Miocene 


Jacalitos formation 


Coalinga, California. 






McKittrick forma- 
tion 


McKittrick-Sunset, Cali- 
fornia. 






Fernando formation 


Santa Clara River & Los 
Angeles, California. 




o 


Middle ■■ 
Miocene 


Monterey shale 


Santa Maria, California. 
Summerland, California. 




o 


Puente formation ' 


Los Angeles, California. 
Salt Lake District, Cali- 
fornia. 


• 




Lower 
Miocene 


Vaqueros sandstone 


Coalinga, California. 

McKittriok-Sunset, Cali- 
fornia. 

Santa Clara River, Cali- 
fornia. 

Parkfield, California. 








Eocene series 


Sespe formation 


Sespe Fields, California. 
Santa Clara River, Cali- 
fornia. 






Tejon 


Coalinga, California. 






Topa Topa 


Santa Susana, California 
Sespe Fields, California. 






Cretaceous 


Upper 
Cretaceous 


Chico formation 


Coalinga, California. 






Mancos shale 


Colorado. 

Lander & Wind River, 
Wyoming. 






Dakota sandstone 


North Dakota. 
Alberts, Canada (Gas). 




o 
o 


Webberville forma- 
tion 


Corsicana, Texas. 




Aspea formation 


Spring Valley, Wyoming. 




o 

QQ 


Colorado formation 


Big Horn Basin, Wyom- 
ing. 




S 


Wall creek sand- 
stone (Lentil of 
Benton shale) 


Salt Creek, Wyoming. 






Nacatoch sand 


Caddo, Louisiana (Gas). 






Woodbine sand 


Caddo, Louisiana (Oil). 






Lower 
Cretaceous 


Trinity sand 


Medill, Oklahoma. 






Jurassic 




Sundance formation 


N. E. Wyoming. 






Triassic 




Chugwater forma- 
tion 


Wyoming. 




• 
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Table XXVIII. — Geological Fobmations or "Sands" in Which Oil 
AND Gas ABE Found in the United States and Canada 



Era 


Geological 
system 


Geological 

series or 

group 


Producing formar- 
tion or sand 


Locality where 
productive 


Approjd- 

mate depth 

below 

Pittsburg 
coal. Feet 






Permian se- 
ries. 


Embar formation 


Lander, Wyoming. 






Carbonif- 
erous 


OB 

•c 

d 

•a 

> 

% 

S 
c 

a 

a 

a 

1 


Upper coal 
measures 










Goodridge sand 


Bluff, Utah. 










Middle coal 
measures. 


Connellsville sand 


West Virginia. 


40 




Morgantown sand 


West Virginia. 


80 




Macksburg sand- 
stone 


S. E. Ohio. 


200 




Lower coal 
measures. 


First Cow Run sand 


S. W. Penna. A W. Va. 


320 




Middle Cow Run 
sand. 


S. W. Penna., W. Va. & 
S. E. Ohio. 


450 




Lower Cow Run 
sand 


S. W. Penna., W. Va. & 
S. E. Ohio. 


600 




Bridgeport sand 


Bridgeport, 111. 




O 




1-4 

o 

O 


700 and 800 ft. 
Macksburg sands 


S. W. Penna., W. Va., 
S. E. Ohio & Ky. 


850 A 925 


1 


Pottsville 
group. 


Salt sands \ 
Gas, sand / 


S. W. Penna., W. Va., 
8. E. Ohio A Ky. 


950 to 1080 




Cherokee sand-^ 
stones 


Kansas & Oklahoma. 






k 




Buchanan sand- 
stone 


Casey & Robinson (400 
ft.) III., and Princeton, 
Ind. 










Chester 
group. 


Benoist sand 


Sandoval, 111. 










Kirkwood sand 


Robinson &, Bridgeport, 
II1.& Oakland City, Ind. 










Pocono 
group. 


Keener sandstone 


8. E. Ohio & W. Va. 


1275 




Big Injun sand 1 
Squaw sand 


S. W. Penna., W. Va., 
S. E. Ohio A Ky. 


1340 
1425 




Berea grit 


S. W. Penna., W. Va., 
S. E. Ohio A Ky. 


1700 




First, 100 ft. or 
Gantz sand 


W. Penna., W. Va. A S. 
E. Ohio. 


1850 




50 ft. sand 


W. Penna. A W. Va. 


1885 




Second or 30 ft. 
sand 


W. Penna. A W. Va. 


2000 
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Table XXIX.' — Geological Formations or "Sands" in Which Oil and 
Gas are Found in the United States and Canada {Continued) 



Era 


Geological 
system 


Geological 

series or 

group 


Producing forma- 
tion or sand 


Locality where 
productive 


Approjd- 

mate depth 

below 

Pittsburg 
coal. Feet 




Devonian 




Stray or Bowlder 
sands. 


W. Penna. & W. Va. 


2050 




Third or Gordon 
sands. 


W. Pa., W. Va. & Ohio. 


2130 




Fourth, fifth and 
sixth sands 


S. W. Penna. & W. Va. 


2200. 2260 
& 2590 




First, second and 
third Warren sands 


N. W. Penna. 


2700, 2815 
&2900 




Tiona sand 


N. W. Penna. 


2950 




Speechley sand 


N. W. Penna. 


3020 




Cherry Grove sand 


N. W. Penna. & W.N.Y. 


3150 




Bradford sand 


N. W. Penna. & W.N.Y. 


3460 




Elk County sands 


N. W. Penna. & W.N.Y. 


3650 




Hamilton formation 


Petrolia & Oil Springs, 
Ontario. 


5330 


O 

o 


Corniferous lime- 
stone 


N. :p. & Central Ohio.W 
New York & Ontario. 


5625 




Silurian 


Niagara 
group. 


Oriskany sandstone 


New York,* So. Ind. & 
Ont. 


5660 




Guelph limestone 


Ontario & W. New York. 


5700 




Niagara limestone 


W. Ndw York, Ontario 
& Indiana. 


5820 






Clinton limestone \ 
Clinton sandstone 


Cen. Ohio & Wclland 
Co., Ontario. 


5985 
6025 






Medina red sand- ' 

stone 
Medina white 

sands 


W. New York & Wel- 
land Co., Ontario. 


6085 
6200 




Ordovician 




Trenton limestone, 
upper. 


N. W. Ohio, Ind. & Ky. 


8700 




Trenton limestone, 
lower 


N. W. Ohio, W. New 
York & Ontario. 


9200 




Cambrian 




Calciferous and 
Potsdam sandstone 


N. Y., Ga., Ala & On- 
tario. 










Quebec group 


Newfoundland. 
New Brunswick. 


9230 
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Table XXX,— (Continued) 


(Oklahoma) 




Era 


Geological 

system 


Geological 

series or 

group 


Producing forma- 
tion or sand 


Correlation 






00 

1 

o 

a 


Pennsylvanian 


Blackwell 


" 






Sand 








Sand 








Newkirk 


Elgin 88. at Cleveland 






Sand 








Sand 








Ponca 








Musselman 








Sand 








Sand 








Layton of Gushing 


Peoples of Cleveland 






Wayside 


Layton of Cleveland 
Jones-McEwan 




O 


Big lime 








Cleveland 






o 


Peru 






Oswego lime 


Wheeler 






Lower Wheeler 


Peters 






Squirrel 


Bixler-? Peru 






Skinner 








Pink lime 








Red Fork 








Namira 








Sand 








Bartlesville 


Glenn 






Sand 








Tucker 


Burgess-Squaw 
Taneha Meadows 






Sand 








Dutcher 


Lost city, 96th meridian 
Rhodes, Colbert 
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Tablb XXXI. — (Oklahoma) 



Era 



Geological 
Bjrstem 



Geological 

series or 

group 



Producing forma- 
tion or sand 



Correlation 



a 

08 
'A 



Mounds 



Sapulpa 



Boone lime 



Sand 



Pitkin lime 



Main Mississippi lime 



Table XXXII.— (S. E. Oklahoma) 





i 

.•a 

a 

o 

.0 

OS 




a 

.2 

a 

flD 

a 
a 


Sand 








Sand 






Oswego lime 


Calvin sandstone 






Sand 








Gas of Morris 


Glen-Bartlesville 




Sand 






Sand 




Q 


Booch 




O 


Second Booch 






o 


Sand 






^ 

p^ 


Sand 


Mounds 






Morris 


Sapulpa 






Glen of Morris 






Sand 








Sand 








Mississ- 
ippian 


Fields 


Muskogee-Boynton 
Black-deep sand 






Sand 








Sand 
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Table XXXIII. — Producing Formations of Wyoming 

(After Ziegler) 



Name of pool 


Plroduces 


Formation at surface 


Formation producing 


Salt Creek 

Grass Creek 

Big Muddy 

Elk Basin 


T^ight oil 
Light oil 
Light oil 
Light oil 
Light oil 
Light oil 

and gas 
Light oil 
Light oil 
Light oil 

and gas 
Gas 
Gas 

Heavy oil° 
Heavy oil 
Heavy oil 
Heavy oil 
Light oil 

Light oil 
Light oil 
Light oil 
Light oil 
Light oil 

and gas 
Heavy 

paraffin 

oil 
Oil and 

gas 
Gas 


Niobrara 

Niobrara 

Pierre 

Cody 

Niobrara 

Frontier 

Frontier 

Cody 

Cody (Niobrara) 

Pierre 

Cody (Niobrara) 

Chugwater 

Chugwater 

Chugwater 

Chugwater 

White River Tertiary 

Aspen 

Benton 

Benton-Dakota 

Mowry 

Frontier 

Pierre 

Frontier . 
Sundance 


Wall Creek. 
Wall Creek. ' 
Shannon and Wall Creek. 
Wall Creek. 


LoBt Soldier 

Basin 


Wall Creek. 
Mowry. 


Greybull 


Mowry and Dakota. 


Pilot Butte 

Byron 


Niobrara. 

Wall Creek and Dakota and 


Little Buffalo Basin 

Oregon Basin 

Dallas 


Morrison. 
Wall Creek. 
Rusty Beds, Cloverly. 
.Embar and Tensleeo. 


Lander. 

iSage Creek 

Thermopolis 

Douglas 


Embar and Tensleep. 
Embar and Tensleep. 
Embar and Tensleep. 
Cretaceous sands and Basil White 


Spring Valley 

Newcastle 

Moorcroft 


River. 
Aspen. 

Sandstone in Benton. 
Benton-Dakota. 
Dakota. 


Cody br Shoshone.. 
Shannon 


Moi^rry-Thermopolis-Cloverly. 
Shannon. 


Sherard 


Mowry-Cloverly. 


Pine Dome 


Embar-Tensleep. 



238 



PRACTICAL OIL GEOLOGY 



Table XXXIV. — Producing Sands op North Texas 



Oil Field, and county 


Producing horiaons 


Depths to pay 
sand, feet 


Abilene, Tavlor 


Cisco (Penn.) 
Canyon (Penn.) 
Bend (Miss.) 
f Smithwick (Miss.) 
\ Bend (Miss.). 
Albany (Penn.) 
Smithwick (Miss.) 
Strawn (Penn.) 
Cisco (Penn.) 
Bend (Miss.) 
f Albany (Permian) 
\ Cisco (Penn.) 
Bend (Miss.) 
Strawn (Penn.) 
Smithwick (Miss.) 
Smithwick (Miss.) 


2100 


Brownwood. Brown 


90-350 


Caddo, Stephens 


3150 


Coleman, Coleman 


2350 


Electra, Wichita 


3400 
200-1000 


Grav. Coleman 


2412 


Millsap, Parker 


2150 


Moran, Shacklef ord 


350-2150 


Parks, Stephens 


3150 


Petrolia, Clay 


200 


Ranirer, Eastland 


1800 
3428 


Strawn, Palo Pinto 


700-1100 


Santa Anna, Coleman 


1560 


Trickham, Coleman 


1020-1200 
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SURVBYING 



STADIA 



REDUCTION 



LBrAX FILING INDEX 

Table XXXV. — Vertical Heights for Distance op 100 



Min. 


0* 


I'' 


2" 


8*» 

5.23 


4" 


5" 


6- 


• 


8* 


9* 





0.00 


1.74 


3.49 


6.96 


8.68 


10.40 


12.10 


13.78 


15.45 


2 


0.06 


1.80 


3.55 


5.28 


7.02 


8.74 


10.45 


12.15 


13.84 


15.51 


4 


0.12 


1.86 


3.60 


5.34 


7.07 


8.80 


10.51 


12.21 


13.89 


15.56 


6 


0.17 


1.92 


3.66 


5.40 


7.13 


8.85 


10.57 


12.26 


13.95 


15.62 


8 


0.23 


1.98 


3.72 


5.46 


.7.19 


8.91 


10.62 


12.32 


14.01 


15.67 


10 


29 


2.04 


3.78 


5.52 


7.25 


8.97 


10.68 


12.38 


14.06 


15.73 


12 


0.35 


2.09 


3.84 


5.57 


7.30 


9.03 


10.74 


12.43 


14.12 


15.78 


14 


0.41 


2.15 


3.90 


5.63 


7.36 


9.08 


10.79 


12.49 


14.17 


15.84 


16 


0.47 


2.21 


3.95 


5.69 


7.42 


9.14 


10.85 


12.55 


14.23 


15.89 


18 


0.52 


2.27 


4.01 


5.75 


7.48 


9.20 


10.91 


12.60 


14.28 


15.95 


20 


0.58 


2.33 


4.07 


5.80 


7.53 


9.25 


10.96 


12.66 


14.34 


16.00 


22 


0.64 


2.38 


4.13 


5.86 


7.59 


9.31 


11.02 


12.72 


14.40 


16.06 


24 


0.70 


2.44 


4.18 


5.92 


7.65 


9.37 


11.08 


12.77 


14.45 


16.11 


26 


0.76 


2.50 


4.24 


5.98 


7.71 


9.43 


11.13 


12.83 


14.51 


16.71 


28 


0.81 


2.56 


4.30 


6.04 


7.76 


9.48 


11.19 


12.88 


14.56 


16.22 


30 


0.87 


2.62 


4.36 


6.09 


7.82 


9.54 


11.25 


12.94 


14.62 


16.28 


32 


0.93 


2.67 


4.42 


6.15 


7.88 


9.60 


11.30 


13.00 


14.67 


16.33 


34 


0.99 


2.73 


4.48 


6.21 


7.94 


9.65 


11.36 


13.05 


14.73 


16.39 


36 


1.05 


2.79 


4.53 


6.27 


7.99 


9.71 


11.42 


13.11 


14.79 


16.44 


38 


1.11 


2.85 


4.59 


6.33 


8.05 


9.77 


11.47 


13.17 


14.84 


16.50 


40 


1.16 


2.91 


4.65 


6.38 


8.11 


9.83 


11.53 


13.22 


14.90 


16.55 


42 


1.22 


2.97 


4.71 


6.44 


8.17 


9.88 


11.59 


13.28 


14.95 


16.61 


44 


1.28 


3.02 


4.76 


6.50 


8.22 


9.94 


11.64 


13.33 


15.10 


16.66 


46 


1.34 


3.08 


4.82 


6.56 


8.28 


10.00 


11.70 


13.39 


15.06 


16.72 


48 


1.40 


3.14 


4.88 


6.61 


8.34 


10.05 


11.76 


13.45 


15.12 


16.77 


50 


1.45 


3.20 


4.94 


6.67 


8.40 


10.11 


11.81 


13.50 


15.17 


16.83 


52 


1.51 


3.26 


4.99 


6.73 


8.45 


10.17 


11.87 


13.56 


15.23 


16.88 


54 


1.57 


3.31 


5.05 


6.79 


8.51 


10.22 


11.93 


13.61 


15.28 


16.94 


66 . 


1.63 


3.37 


5.11 


6.84 


8. '67 


10.28 


11.98 


13.67 


15.34 


16.99 


58 


1.69 


3.43 


5.17 


6.90 


8.63 


10.34 


12.04 


13.73 


15.40 


17.05 


60 


1.74 


3.49 


5.23 


6.96 


8.68 


10.40 


12.10 


13.78 


15.45 


17.10 


c+f 




















^ 


-1.00 


0.01 


0.08 


0.04 


0.06 


0.08 


0.09 


0.11 


0.18 


0.15 


0.16 



Horizontal Corrections for Different Distances 



Dii. 


0' 


1* 


2" 


8° 


4" 


5* 


6' 


?*» 


8" 


90 


100 


0.0 


0.0 


0.1 


0.3 


0.5 


0.8 


1.1 


1.5 


1.9 


2.5 


200 


0.0 


0.1 


0.2 


0.5 


1.0 


1.6 


2.2 


3.0 


3.9 


4.9 


300 


0.0 


0.1 


0.4 


0.8 


1.5 


2.3 


3.3 


4.5 


5.8 


7.4 


400 


0.0 


0.1 


0.5 


1.1 


2.0 


3.0 


4.4 


6.0 


7.8 


9.8 


500 


0.0 


0.2 


0.6 


1.4 


2.5 


3.8 


5.5 


7.5 


9.7 


12.3 


600 


0.0 


0.2 


0.7 


1.6 


2.9 


4.6 


6.5 


8.9 


11.6 


14.7 


700 


0.0 


0.2 


0.8 


1.9 


3.4 


5.3 


7.6 


10.4 


13.6 


17.2 


800 


0.0 


0.2 


1.0 


2.2 


3.9 


6.1 


8.7 


11.9 


15.5 


19.6 


900 


0.0 


0.3 


1.1 


2.4 


4.4 


6.8 


9.8 


13.4 


17.5 


22.1 


1000 


0.0 


0.3 


1.2 


2.7 


4.9 


7.6 


10.9 


14.9 


19.4 


24.6 


c+f 






















-1.00 


1.00 


1.00 


1.00 


1.00 


1.00 


0.99 


0.99 


0.99 


099. 


0.99 



Note: In taking inclined sights, first read and record the distance, then set cross-hair 
intersection on H. I. point (i.e., height-of-instrument point) on stadia rod, read and record 
vertical angle for difference in elevation. Last line of *' Vertical Heights" table gives 
sines, and last line of "Horizontal Corrections" table gives cosines of corresponding angles. 
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Table XXXVI. — Vertical Heights 


FOR Distance op 100 {Continued) 


Min. 


io<> 


ir 


n«» 


18» 


IV 


15* 


16» 


17« 


Igo 


19° 





17.10 


18.73 


20.34 


21.92 


23.47 


25.00 


26.50 


27.96 


29.39 


30.78 


2 


17.16 


18.78 


20.39 


21.97 


23.52 


25.05 


26.55 


28.01 


29.44 


30.83 


4 


17.21 


18.84 


20.44 


22.02 


23.58 


25.10 


26.59 


28.06 


29.48 


30.87 


6 


17.26 


18.89 


20.50 


22.08 


23.63 


25.15 


26.64 


28.10 


29.53 


30.92 


8 


17.32 


18.95 


20.55 


22.13 


23.68 


25.20 


26.69 


28.15 


29.58 


30.97 


10 


17.37 


19.00 


20.60 


22.18 


23.73 


25.25 


26.74 


28.20 


29.62 


31.01 


12 


17.43 


19.05 


20.66 


22.23 


23.78 


25.30 


26.79 


28.25 


29.67 


31.00 


14 


17.48 


19.11 


20.71 


22.28 


23.83 


25.35 


26.84 


28.30 


29.72 


31.10 


16 


17.54 


19.16 


20.76 


22.34 


23.88 


25.40 


26.89 


28.34 


29.76 


31.15 


18 


17.59 


19.21 


20.81 


22.39 


23.93 


25.45 


26.94 


28.39 


29.81 


31.19 


20 


17.65 


19.27 


20.87 


22.44 


23.99 


25.50 


26.99 


28.44 


29.86 


31.24 


22 


17.70 


19.32 


20.92 


22.49 


24.04 


25.55 


27.04 


28.49 


29.90 


31.28 


24 


17.76 


19.38 


20.97 


22,54 


24.09 


25.60 


27.09 


28.54 


29.95 


31.33 


26 


17.81 


19.43 


21.03 


22.60 


24.14 


25.65 


27.13 


28.58 


30.00 


31.38 


28 


17.86 


19.48 


21.08 


22.65 


24.19 


25.70 


27.18 


28.63 


30.04 


31.42 


30 


17.92 


19.54 


21.13 


22.70 


24.24 


25.75 


27.22 


28.68 


30.09 


31.47 


32 


17.97 


19.59 


21.18 


22.75 


24.29 


25.80 


27.28 


28.73 


30.14 


31.51 


34 


18.03 


19.64 


21.24 


22.80 


24.34 


25.85 


27.33 


28.77 


30.19 


31.56 


36 


18.08 


19.70 


21.2*9 


22.85 


24.39 


25.90 


27.38 


28.82 


30.23 


31.60 


38 


18.14 


19.75 


21.34 


22.91 


24.44 


25.95 


27.43 


28.87 


30.28 


31.65 


40 


18.19 


19.80 


21.39 


22.96 


24.49 


26.00 


27.48 


28.92 


30.32 


31.69 


42 


18.24 


19.86 


21.45 


23.01 


24.55 


26.05 


27.52 


28.96 


30.37 


31.74 


44 


18.30 


19.91 


21.50 


23.06 


24.60 


26.10 


27.57 


29.01 


30.41 


31.78 


46 


18.35 


19.96 


21.55 


23.11 


24.65 


26.15 


27.62 


29.06 


30.46 


31.83 


48 


18.41 


20.02 


21.60 


23.16 


24.70 


26.20 


27.67 


29.11 


30.51 


31.87 


60 


18.46 


30.07 


21.66 


23.22 


24.75 


26.25 


27.72 


29.15 


30.55 


31.92 


52 


18.51 


20.12 


21.71 


23.27 


24.80 


26.30 


27.77 


29.20 


30.60 


31.96 


54 


18.57 


20.18 


21.76 


23.32 


24.85 


26.35 


27.81 


29.25 


30.65 


30.01 


56 


18.62 


20.23 


21.81 


23.37 


24.90 


26.40 


27.86 


29.30 


30.69 


32.05 


58 


18.68 


20.28 


21.87 


23.42 


24.95 


26.45 


27.91 


29.34 


30.74 


32.09 


60 


18.73 


20.34 


21.92 


23.47 


25.00 


26.50 


27.96 


29.39 


30.78 


32.14 


c+f 






















-i.op 


0.18 


o.so 


CM 


Q.%Z 


0.S5 


0.S7 


CSS 


0.80 


0.88 


0.88 



Horizontal Corrections for Different Distances 



Dii. 


10* 


11" 


18* 


18' 


14" 


15" 


W 


17« 


18" 


W 


100 


3.0 


3.6 


4.3 


5.1 


5.9 


6.7 


7.6 


8.5 


9.5 


10.6 


200 


6.0 


7.3 


8.6 


10.1 


11.7 


13.4 


15.2 


17.1 


19.1 


21.2 


300 


9.1 


10.9 


13.0 


15.2 


17.6 


20.1 


22.8 


25.6 


28.6 


31.8 


400 


12.1 


14.6 


17.2 


20.2 


23.4 


26.8 


30.4 


34.2 


38.2 


42.4 


500 


15.1 


18.2 


21.6 


25.3 


29.3 


33.5 


38.0 


42.7 


47.7 


53.0 


600 


18.1 


21.8 


25.9 


30.4 


35.1 


40.2 


45.6 


51.3 


57.3 


63.6 


700 


21.1 


25.5 


30.2 


35.4 


41.0 


36.9 


53.2 


59.8 


66.8 


74.2 


800 


24.2 


29.1 


34.6 


40.5 


46.8 


53.6 


60.8 


68.4 


76.4 


84.8 


900 


27.2 


32.8 


38.9 


45.5 


52.7 


60.3 


68.4 


76.9 


85.9 


95.4 


1000 


30.2 


36.4 


43.2 


5.06 


58.5 


67.0 


76.0 


85.5 


95.5 


106.0 


c-l-f 






















-1.00 


0.99 


0.98 


0.98 


0.97 


0.97 


0.96 


0.96 


0.95 


0.95 


0.94 



Example: Distance reads 500; vertical angle » 7** 40'. 

Corrected distance - 500 + 1 - 7.5 « 493.5. 

Diflference in elevation = 5.01 X 13.22 + 0.14 - 66.37. 

For greater accuracy in elevations, read to half minutes and obtain tabular multiplier 
by interpolating. 

(c + i) is practically a constant for any instrument. For transits it varies from 0.7 
to 1.3 depending upon the style. It may be taken as 1 ft. for transits and 2 ft. for plane- 
table alidades. Everv foot on the rod is a fnft5iHiir« of ion ft Hiaf0Tino Ji^nnnatan^ ti^ .i. t\ 
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Trigonometry 1 



Plane, Relations 



Triangles 



Class: Dewey 514.5: Lefax 01. 

TRIGONOMETRY 

Formulas, Relations of Functions and Solution of 
Right and Oblique Tbianqles 
Compiled bt William C. Wells, Jr. 

lbfax filing index 

The six parts of a triangle — three angles and three sides — bear definite relations to each 
other such that when the value of three parts are known, provided one of them is a side, 
the remaining parts may be obtained. 

In a right angle triangle, if A is an acute an^le, b the adjacent side, a the opposite side 
and c the hypothenuse; the ratio of side a to side c or side a divided by side o is called the 
sine (sin) of angle A. Likewise side a divided by side b is called the tangent (tan) of angle 
A and side c divided by side b is called the secant (sec) of angle A. 

The cosine, cotangent and cosecant of angle A (called the co-functions), abbreviated cos, 
cot, and esc are the sine, tangent, and secant respectively of the complement of angle A. 
The complement of an angle being the difference between that angle and 90 deflnrees. The 
supplement of an angle is the difference between that angle and 180 degrees. The sum of 
all the angles of a triangle is equal to 180 degrees. In a right angle triangle the acute angles 
are complements of each other. 

In the following figure A > angle BAC — aroBF, AF — radius " AB *■ AH -■ 1. 




ses A = j-"CsoB csoA — - 



CF - vers A 
BD « ezsec A 
BE — vers A 
BK " covers A 
BG » coexsec A 

sin A — - — cos B 



« a « 

tan A * e =• cot B 

D 

sec B vers A — — 



-b 



radius « AB 
BC - sin A 
DF - tan A 
AD ~ sec A 
AC " cos A 
HG - cot A 
AG « CSC A 
HL ■■ covers A 
BI - chord 2 A 

cos A — - — sin B 



cot A — - — tan B 

a 



■■ covers B 



covers A ■■ 
coexsec A « 



a 



c 
c — a 



vers B exsec A 
> exsec B 



c - b 



coexsec B 



^Tablb XXXIII. — ^ExACT Numerical Value of the Functions of 

Some Angles 



Angle 


0** 


1 



00 

1 

00 



1 


30* 


45« 


eo** 


90" 

1 



00 



00 

1 
1 




120* 


135- 


150" 


180* 


-1 



00 

-1 



00 

2 

1 


270* 
-1 



00 



00 

-1 
1 

2 


360" 


Sine 


H 


1 

V2 


V3 
2 


V3 
2 


1 
V2 


H 









Cosine 


V3 
2 


1 
V2 


H 


-H 


1 

V2 


V3 
2 


1 






Tangent 


1 


1 


V3 


-V3 


-1 


1 
V3 









Cotangent 


V3 


1 


1 
V3 


1 
V3 


-1 


-V3 


00 


Secant 


2 
V3 


V2 


2 


-2 


-V2 


2 

V3 


1 






Cosecant 


2 


V2 


2 

V3 


2 

V3 


V2 


2 


00 


Versed sine 


2~V3 


\/2-l 


H 


3 
2 


1+V2 


2+\/3 







2 


2 


V2 


2 




Covers sine 


H 


-v/2-1 


2-\/3 


2-\/3 


\/2-l 


H 


1 




V2 


2 


2 


V2 





General 



LEFAX, Philadelphia, Apdl, Itlf ^ 



242 



PRACTICAL OIL GEOLOGY 



TEIANQLKS ^ Xa V ^ ^ >^5 



fiOLlTTIOK 
OP 




Given 



A, B, a 



A, a, b 



C, a, b 



a, b, c 



Sought 



Formula for oblique trianglea 



C, b, 



area 



C - 180'' - (A + B), 6 - *4^ 

Bin A 

a sin (A + B) 
c ■■ — 



B, C, c, 
area 



sin A 
area — H ab sin C ~ 

b sin A 



a» sin B sin C 
2 sin A 



sin B 



, C - 180" - (A + B), area 



ab sin C 



a sin C b sin C 



sin A 



\/a« + b» - 2ab cos C 



A + B 
2 

A - B 
2 

A, B, c 
area 



sin B 

90*^7^ prtan^^X^^lB)^ 



>^(AfB) .. 

t(a - b)^(a + b)l tan H (A + 



tan - H(A-B)-Ka - b) -s- (a + b)l cot H C 



A - H(A + B) + HfA - B) 
B - H(A + B) - H(A - B) 



/-« 4- un C08M(A + B) asinC 
^* "^ "''cosHCA - B " sin A 

« - (» - ''>:wH-b} - Va. + b. - 2ab COB C 
area >■ H ab sin C 



A, B, C 
area 



IV A A /(s — b)(s — c) .. . a/sCs — a) 

Bin H A - \ ^ ^.co . HA- \-^-5^' 

^ s (s — a) 



ver,A-''<'-^>»-°> 
bo 



sin A 



^\/8(8 — a)(8 — b)(8 — c) 



bo 



• •i>'t» A /(s "~ a)(B — c) ,>» T» A /s(s ~ 6) 

sin H B - \\- — -' , cos H B » \\— 

If ac If ac 

tanHB-Vg^. 

Bin H C - V^^ ~ «b' ~ ^^ 

eoB H C - JS^^tanHC>^H|EZl) 

area = \/b (s — a) (s — b) (s — c) 



a2 = b2 + c2 — 2bc cos A, b* = a> + c« — 2ac cos B, c» = a* + b« - 2 ab cos C. 



Given 


Sought 


Formulse for right triangles 




A, B, b 


fL A. / ' ~ 


a, c 


sin A « - , cos B = - , b = Vc* — a* 
c 




area = JVc* — a« 




A, B, c 


fL Vi J ■ An 


a, b 


tan A = ^ , tan B - -, c = Va« + b», area - ^ 
D a i6 


A, a 


B, b, c 


T» nno A u X A a a» cot A 

B = 90° — A, b ■= a cot A, c » . ^ area = = 

sm A 2 


A, b, 


B, a, 


T» ono A V X A b b« tan A 

B => 90° — A, a =s b tan A, c ■» ; , area « s 

cos A A 


A, c 


B, a, b 


B = 90° — A, a »= c sin A, b = c cos A 

c^ sin A cos A c' sin 2 A 
area = ^ or ^ ■ 

Z 4 
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Table XXXVII. — Natural Circulab Functions' 



o 


Sine 


Tang. 


Cosine 


Cotang. 








0.0000 


0.0000 


1.0000 


Infin. 


90 


1 


0.0175 


0.0175 


0.9999 


57.2900 


89 


2 


0.0349 


0.0349 


0.9994 


28.6363 


88 


3 


0.0523 


0.0624 


0.9986 


19.0811 


87 


4 


0.0698 


0.0699 


0.9976 


14.3007 


86 


5 


0.0872 


0.0875 


0.9962 


11.4301 


85 


' 6 


0.1045 


0.1061 


0.9945 


9.5144 


84 


7 


0.1219 


0.1228 


0.9926 


8.1444 


83 


8 


0.1392 


0.1405 


0.9903 


7.1154 


82 


9 


0.1664 


0.1684 


0.9877 


6.3138 


81 


10 


0.1737 


0.1763 


0.9848 


5.6713 


80 


11 


0.1908 


0.1944 


0.9816 


5.1446 


79 


12 


0.2079 


0.2126 


0.9782 


4.7046 


78 


13 


0.2250 


0.2309 


0.9744 


4.3315 


77 


14 


0.2419 


0.2493 


0.9703 


4.0108 


76 


15 


0.2588 


0.2680 


0.9669 


3.7321 


75 


16 


0.2766 


0.2868 


0.9613 


3.4874 


74 


17 


0.2924 


0.3057 


0.9563 


3.2709 


73 


18 


0.3090 


0.3249 


0.9511 


3.0777 


72 


19 


0.3256 


0.3443 


0.9455 


2.9042 


71 


20 


0.3420 


0.3640 


0.9397 


2.7475 


70 


21 


0.3584 


0.3839 


0.9336 


2.6051 


69 


22 


0.3746 


0.4040 


0.9272 


2.4751 


68 


23 


0.3907 


0.4246 


0.9205 


2.3669 


67 


24 


0.4067 


0.4462 


0.9136 


2.2460 


66 


25 


0.4226 


0.4663 


0.9063 


2.1445 


65 


26 


0.4384 


0.4877 


0.8988 


2.0503 


64 


27 


0.4540 


0.6095 


0.8910 


1.9626 


63 


28 


0.4695 


0.6317 


0.8830 


1.8807 


62 


29 


0.4848 


0.6643 


0.8746 


1.8041 


61 


30 


0.6000 


0.5774 


0.8660 


1.7321 


60 


31 


0.5150 


0.6009 


0.8572 


1.6643 


69 


32 


0.6300 


0.6249 


0.8480 


1.6003 


58 


33 


0.6446 


0.6494 


0.8387 


1.5399 


57 


34 


0.5592 


0.6745 


0.8290 


1.4826 


56 


35 


0.6736 


0.7002 


0.8192 


1.4282 


56 


36 


0.6878 


0.7266 


0.8090 


1.3764 


64 


37 


0.6018 


0.7536 


0.7986 


1.3270 


53 


38 


0.6157 


0.7813 


0.7880 


1.2799 


62 


39 


0.6293 


0.8098 


0.7772 


1.2349 


61 


40 


0.6428 


0.8391 


0.7660 


1.1918 


50 


41 


0.6560 


0.8693 


0.7547 


1.1504 


49 


42 


0.6691 


0.9004 


0.7431 


1.1106 


48 


43 


0.6820 


0.9326 


0.7314 


1.0724 


47 


44 


0,6947 


0.9657 


0.7193 


1.0365 


46 


45 


0.7071 


1.0000 


0.7071 


1.0000 


46 


o 


Cosine 


Cotang. 


Sine 


Tang. 


e 



1 This table has been copied from Dr. C. W. Hayes, "Handbook of Field Geology/' 
909, p. 42. 



INDEX 



Accumulation, compression in, 7 

folds favorable for, 45 

of natural gas, 185 

of petroleum, 5 

of sediments, 29 

water in, 7 
Acreage, favorable in proven areas, 
146, 151 

in "wildcat" areas, 12 

per well, 152 
Age of oil shale, 205 
Ages of formations, 37, 44 
Amount of oil in sands, 10 
Aneroid barometer, 212, 219 
Animal theories, 3 
Anticlinal domes, 52, 60 

theory, 6 
Anticlines, 47, 52 

assymetrical, 53 

classification of, 47 

compound, 54 

curving axis of, 113 

definition of, 52 

faulted, 63 

method of estimating depths on, 
112 

names of parts of, 49 

pressure in, 129 

plunging, 58, 94 

steep dips of, 108 

symmetrical, 52 

twin, 106 
Apex, 49 

location on, 103 



Arbuckle uplift, 46 
Axis, definition of, 49 
shifting of, 114 



Bailer, 176, 177 

Baum^ system, 22 

Boulders, effect on drilling, 127 

Brunton pocket transit and compass, 

212, 217, 218 
Butane. 18. 194 



Cables, size of, 123 
California oil fields, 45 
Capacity of oil sands, 51 
Capillarity, 8 
Capping of oil strata, 12 
Carbide theory, 1 
Carbon black, 190 
Casing, accidents to, 171 

collapsing of, 132 

effect of depth on, 118 

sizes of, 157 

table of collapsing pressures of, 
131 
Casing-head gasoline, 183, 191 

analyses of, 193, 196, 198 

composition, 193 

profitable life of wells, 200 

properties, 195 

quantity from gas, 200 

waste of, 192 
Cautions in instrumental work, 216 
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INDEX 



Cave-ins, cause of, 172 

prevention of, 180 

results, 173 
Cavities, classification of, 128 

effect on drilling, 128 
on topography, 128 
Cementation and rock pressure, 187 
. Cementing methods, 179 
Chemistry of petroleum, 16 
Cincinnati uplift, 45 
Classification of structures, 47 
Closure, 61 
Coal beds, drilling through, 133 

theory, 4 
Colorado oil fields, 45 
Combination anticline, syncline and 

monocline, 55 
Commercial t^st of petroleum, 21 
Comparative heights of folds, 51 
Competitive adjacent properties, 

159 
Complete oil analysis, 27 
Compound anticlines, 54 
Compression due to rock pressure, 

129 
Conformity, definition of, 33 
Conglomerate, definition of, 29 
Contact lines, 96 

plane, 47 
Contact, oil and water, 167 
Contour maps of oil fields, 90, 91, 92 
Contouring map in field, 215 
Convergence, amount of, 85 

correction for, 85 

definition of, 85 

map of, 86 
Correlations, fossils in, 38 

lithologic similarity in, 39 
Crest, 51 

Crooked holes, cause of, 121 
Cross-sections, use of, 96, 97 
Curved axes, effect of, 114 
Cushing oil field, Oklahoma, 91 



D 



Defensive tactics, methods used, 162 
Deformations, 104 
Deposition of sediments, 30 
Depths, calculation to, 110 

effects, on choosing rig, 115 
of faults on, 63, 65 
of prospect holes, 103 
of steep dips on, 108 
of topography on, 103 
on gas pressure of, 185 
on size of cable, 123 
on size of casing, 118 
on time of drilling, 102 
Derricks, heights of, 122 
Detail surveys, 212 
Diatom theory, 4 
Dip, calculation of, 94 
definition of, 94 
description of, 94 
importance of, 46 
locating on, 101 
mapping of, 94 
Dip slopes, 79 
Domes, 60 

anticlinal, 60 
importance of, 61 
saline, 62 
volcanic, 62 
well locations on, 107 
Drainage areas, 11 

of properties by neighbors, 145, 

159, 160 
of sands by erosion, 104 
Drillers, work of, 221 

errors of, 223 
Drill holes, measurement of, 223 
Drilling, cables in, 123 
casing, 118 
crooked holes in, 121 
derricks, heights of, 122 
effect of cavities on, 128 



INDEX 
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Drilling, effect of coal beds on, 133 

factors in, 115 

hardness of beds, 125 

in California, 118 

in Oklahoma, 118 

logs in, 133 

objects in, 116 

rigs, choice of, 115 
rotary, 115, 120 

sands in, 123 

size holes in, 118 

systems of, 115 

time, 122 
Dry gas, 191 
Dry sands, effect on drilling, 123 

gas escape into, 165 

loss of production in, 164 
Dry spots, reasons for, 155 
Dynamic heat, 13 



E 



Earth curves, description of, 47 
Elemental analysis, 25 
Erosion, effect of, 104 

features of, 79 
Errors, due to logs, 222, 223 

due to observation, 222 

engineering, 222 

geological, 222 

instrumental, 222 
Ethane, 18, > 194 
Expansion of natural gas, 188 
Expulsive force of gas, 155 



Faults, classes of, 63 
definitions of, 63 
dip, 66 

effect on depth, to oil, 63, 64 
in drilling, 139 
in locating, 104, 105 



Faults, in production, 64 

in saline domes, 62 

normal, 63 

reversed, 63 

strike, 66 
Flooding, by water, 168 
Folding, anticlinal type of, 6, 52 

cause of, 48 

classification, 47 

disappearance of, 48 

depths of, 48 

heat generated by, 15 
Folds, comparative heights of, 51 

names of parts of, 49 

relative importance to produ- 
cers, 66, 67 

sizes, 12 
Formations, definition of, 37, 42 

effect on drilling, 125, ^26, 127 

oil formations, or "sands," 232, 
233, 234, 235, 23.6, 237, 238 
Fossils, application of, 38 

correlations by, 39 
Fractional analyses, 24, 25, 228, 229. 
230 



G 



Gas, analyses of, 19, 183 

casing-head, 183, 191 

dry, 191 

expulsive force of, 155 

natural, 183 

wet, 191 
Geologic column, 40, 41 

eras, table of, 48 

names, 41 
Geological field methods, 212 

instruments, 212, 217 

pressures, 129 
Geo-anticline, 46 
Geo-syncline, 46 
Geologists, prejudice against, 221 
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INDEX 



Grades, table of, 95 

Granitic rocks, 77 

Graphic method of finding depths, 

112 
Gravel, definition of, 29 



Hade, 64 

Hardness of strata, 125 

effect on drilling, 125 

effects in shooting wells of, 132 
Heating value of natural gas, 190 

of oil, 24 
Heat units, 24 
Height of folds, 51 
Hydraulic pressure, 186 



Igneous rocks, definitions of, 29 

sedimentaries derived from, 29 
topography of, 77 

Impervious beds, effect of, 12 

Indications of oil, 76 

Inorganic theories, 1 

Intrusive rocks, 40 

Irvine oil field, Kentucky, 93 

Isocline, 54 



Joint planes, effect of, 107 
wells in, 107 



K 



Kemp, J. F., 41 
Key wells, 163 



Lakes, well locations in, 108 
Land plant theories, 3 



LaSaUe uplift, 45 

Lateral changes in beds, 31 

Lenses, development of, 70 
effect on dry holes, 69 
oil accumulations in, 69 

Life of wells, 200 

Limb of anticline, 51 

Limestone, as oil reservoirs, 9 
definition of, 30 
effect on drilling, 125 
gypsum and water theory, 2 
on topography, 81 
on vegetation, 81 

Lithologic similarity, 37 

Llano-Burnett uplift, 46 

Localization of oil, 47 

Locke level, 212 

Logs (records), 133 
errors in, 133, 223 
form for, 134, 135 
importance of, 134 
in production, 144 
in water troubles, 173, 175 
interpretation of, 136 
mapping from, 139 
value in drilling, 139 

Losses in oil extraction, 150 

Louisiana oil fields, 46 



M 



Map, construction of, 85, 87, 90 
contour of terrace, 59 
convergence, 86 
Gushing, Oklahoma, 91 
geologic, 96 

Irvine oil field, Kentucky, 93 
of faulted anticline, 84 
plane table, 215 
practical application of contour, 

166 
Salt Creek oil field, 92 
sand, 70, 71 
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Map, structural, 86 

symbols for, 97 
Mapping, results from, 139 
Measure of rock pressure, 130, 185 
Measurements, errors in, 223 

of dips, 94 

of driU holes, 223 

of plunge, 96 
Member, definition of, 42 
Metamorphics, definition of, 29 
Methane, 18, 194 
Methods of estimating well depths, 

110, 112, 113 
Migration, definition of, 13 
Minor folds, 47, 106 
Models, use of, 92 
Monocline, 46, 55 

weUs on, 57, 58 
Mud-laden fluid, 181 

effects of, 182 



"N 



Names of oil sands, 232, 233, 234, 

235, 236, 237, 238 
Natural circular functions, 243 
Natural gas, analysis of, 19, 183 

composition of, 183 

casing-head gasoline from, 191 

cementation in pressure, 187 

commercial deposits, 185 
distribution of, 183 

heating value, 190 

main producing areas of, 183 

maximum pressures of, 187 

migration of, 185 

origin, 184 

pressures of, 185 

relation to bituminous matter, 
184 

stratigraphic distribution of, 
185 

wells, spacing of, 189 



Natural gas, volumes, 187 

Normal dip, 46 

North Texas, producing horizons, 

238 
Nose, 58 



O 



Ocean, well locations in, 108 
Offensive tactics, 145, 156 
Offsetting wells, 161 
Oil fields on flanks of mountains, 45 
Oil sands, occurrence of, 45 

names of, 232, 233, 234, 235, 
236, 237, 238 
Oil shales, age of, 205 

amount oil per ton, 203 

analyses of, 206, 207 

definition of, 202 

description of, 205 

distillation of, 208 

fractionation of, 210 

occurrence of, 204 

products of, 203 

quantity of, 202 
Oil, signs of, 73 
Olefines, table of, 20 
Operating problems, classification of, 

145 
Organic theories, 2 
Origin of natural gas, 184 
Origin of petroleum, 1, 4 
Overlap, 36 

application of, 36 
Ozark uplift, 45 



Paraffines, definition of, 17 

table, 18 

hydrocarbons, 195 
Pennsylvania oil fields, 45, 46 
Percent, folds productive, 67, 68 
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Personal factors in geological wock, 

217 
Petroleum, accumulation into com- 
mercial deposits, 5 
analysis of California, 25, 27, 
229 
of Gushing, Okla., 28 
of Kentucky, 228 
of Oklahoma, 227 
of Pennsylvania, 26 
of Texas, 26 
of Wyoming, 230 
chemical analysis, 16, 18, 20 
chemistry of, 16 
classification of theories, 1 
commercial analyses of, 27 
complete analysis of, 27 
composition of, 16 
compression in accumulation of, 

7 
formation of, 4 • 
indications of, favorable, 76 

unfavorable, 76 
inorganic theories of, 1 
migration of, 13 
organic theories of, 2, 4 
origin of, 1 
reservoirs for, 9 
saturation of sands, 10 
specific gravity of, 14, 22 
Photography, uses, 98 
Plane table, map, 215 
method, 214 
party, 213 
Plug, well, 176, 177 
Plunging anticline, 58, 94 
Pores, 9 

Porosity, amount of oil due to, 9, 146 
in accumulation, 9 
in reservoirs, 9 
in saturation, 9, 10 
pressure and, 11 
Portable rig, 116, 116 



Pressures, gas, 185 

hydraulic, 186 

rock, 129 
Producing oil formations, 232, 233, 

234, 235, 236, 237, 238 
Production curves, 150, 151 
Production estimates, amount oil in, 
146 

curves in, 150 

losses in, 149 

methods of obtaining, 145 
Propane, 18, 194 

Proportion oil left underground, 150 
Prospect holes, locating of test, 101 

results from, 103 
Prospecting, 72 

cautions in, 73 

points to note in, 72 

results of, 75 



Q 



Quantity of oil in sands, 10 



R 



Reconnaissance surveys, 212 
Red River fault, 140 
Regional dip, 46 

Relative importance of folds as pro- 
ducers, 66 
Reverse dip, 47 

Rock pressure, cementation as cause 
of, 187 

compression due to, 129 

effect in collapsing casing, 129 
Rocks, classes of, 29 

conformity of, 33 

deposition of, 30 

igneous, 29 ' 

metamorphic, 29 

sedimentary, 29 

source of supply of material, 31 
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Rocks, test for oil in, 74 
Rotary driUing, 115, 120, 122 



S 



Saddles, 52 , 

Saline domes, 62 

Salt Creek oil fields, Wyoming, 92 
Salting of wells, methods, 224 
Sands, amount of pay, 146 

as reservoirs, 11, 9 

cementation of, 30 

changes in character of, 30, 32, 
70 

deposition of, 30 

dry spots in, 156 

dry sands in drilling, 123 

effect of drilling of, 126 

losses in, 150 

map of, 90 

names of oil, appendix, 232 to 
238 

quantity of oil in, 146 

quick, 121 

reservoirs for oil, 9 

saturation of oil, 10 

test for oil in, 74 

topography affected by, 77 

unknown oil, 159 

variation in, 31 

water in, 121 

water, 12 
Sand map, 70 
Sandstones, definitions of, 30 

effect on drilling of, 125 
on topography, 77, 81 
Saturation of oil sands, 10 
Seaweed theory, 3 
Sedimentary rocks, 29 

table of, 231 
See pages, as indications of oil, 72 

locating near, 101 

mistakes for, 73 



Self-deception in drilling, 226 
Shale, definition of, 30 

effect on drilling of, 126 
on vegetation of, 81 
Shales, oil, 202 
Shooting wells, 132 

effect of, 132 

reasons for, 132 
Shore lines, 32 
Size of folds, 12 
Specific gravity, 22 

definition of, 22 

economic aspect of, 14 

table of, 23 
Speeding wells, reasons for, 161 
Stadia hand level, 212, 218 
Standard cable tool, 115 

rig, 117 

system, 115 
Stereograms, use of, 94 
Strainers, use of, 168 
Stratigraphic distribution of petro- 
leum production, 43 

of natural gas, 186 
Stratigraphic forms, 69 
Stratigraphy, definitions of, 29 
Strike, definition of, 94 
Structural geology, 46 
Structural, "highs," 52 

'^lows," 62 
Structure contours, application of , 81, 
166 

construction of maps, 81, 86 

from well records, 139 

kinds of, 81 
Superposition, order of, 37 
Surveys, reconnaissance, 212 

detail, 212 
Swedge, 176, 177 
Symbols, map, 97 
Synclines, classification of, 54 

definition of, 64 

oil possibilities in, 64 
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Terrace, description of, 60 

locations t>n, 109 
Test for oil in rocks, 74 
Time in drilling, 12 

table, 124 
Topographic sheets, 213 
Topography, definition, 77 
Trigonometry, 241 
Trough, 49 

U 

Unconformities, angular, example of, 
33,34 
definition of, 33 
effects on mapping of, 222 
on migration, 13 
on well locations, 35 
erosional, example, 33, 34 
Underground structure, 45, 81, 84 

165, 166 
Underreamer, use, 126, 127 
Uplifts, 45 

examples, Arbuckle, 46 
Cincinnati, 45 
La Salle, 45 
Llano Burnett, 46 
Ozark, 45 
Sabine, 46 
Utah oil fields, 45 



Valleys, synclinal, 79 
Variation in beds, 31 
Vegetal theories, 3 
Vegetation and types beds, 81 
Viscosity, 24 
Voids in formations, 9 
Volcanic domes, 62 

rocks, 77 

theories of oil origin, 1, 2 



Water, areal limits of sands, 145 
as an oil indicator, 76 
avoidance in locating, 107 
changes in temperature, 181 
changes of oil sands to water 

sands, 145 
chemical and mechanical tests, 

173 
contact oil and water, 167 
danger of, 168 
decreased by key wells, 163 
effect in classifying materials, 

133 
on cavities, 128 
enemy of petroleum industry, 

168 
evidence of drill logs, 175 
of mechanical tests, 176 
of neighboring wells, 174 
flooding by, 168 
in accumulation of oil, 7 
in anticlinal theory, 6 
in cementation of sediments, 32 
in deposition of sediments, 29 
in drilling, 118, 120, 121, 123 
in erosion, 104 
in formation of oil, 4 
in migration of oil, 13 
in minor folds, 106 
in ocean or lake, 108 
in oil production, 145 
indicators, 174 
kinds of, 169 
legislation, 168 
on clays and shales, 126 
on drilling lines, 123 
on gauging, 224 
on rock pressure, 130, 132 
on specific gravity of oil, 14 
on synclines, 54 
primary, 169, 170 
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Water, pure water, 182 
remedies, 177 
secondary, 169, 171 
sources of, 169 
treatment of primary, 177 

of secondary, 179 
troubles, 168 
Well logs and their interpretation, 
136 



Well spacing, 154 

gas, 189 

method, 153 

table of, 154 
Wells under ocean or lake, 108 
West Virginia oil fields, 45, 46 
Western Illinois fields, 45 
Wet gas, 191 
Wyoming oil fields, 45, 46 
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